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NOTES ON FISHES IN THE INDIAN MUSEUM, XLII, XLIII. 

By Sunder Lal Hora, D.Sc., F.R.S.E ., F.N.I., Assistant Superintendent, 
Zoological Survey of India , Calcutta. 

XLII. On the Systematic Position of the Indian Species of 

SCAPHtODON HECKEL. 

Day 1 described five species from India in the genus Scaphiodon 
Heckel, and divided them into two groups on the presence or absence 
of barbels. The first group comprising two species— S. watsoni Day 
and S. irregularis Day -from the Sind Hills and the Salt Range, Punjab, 
is characterized by the possession of “ A pair of maxillary barbels. Last 
undivided dorsal ray osseous, serrated ”. From their descriptions, it 
is also clear that they possess 7 branched rays in the anal fin, as is 
characteristic of other species of the genus known from Baluchistan, 
Southern Persia, Mesopotamia and Syria. The second group comprises 
three species -S. thomassi Day, S. nashii (Day) and S. brevidorsalis 
(Day)—which are found in the Western Ghats as low as the Nilgiri Hills. 
In th(»sc forms the barbels are-absent, the last undivided ray of the 
dorsal fin is smooth and the anal fin is generally provided with 
5 branched rays. The distinguishing features of the two groups make 
it abundantly clear that they are not congeneric and that Scaphiodon , 
as recognised by Day, is a heterogeneous assemblage of diverse forms. 

In his note on Cirrhina afghana Gunther, Berg 2 showed that the 
Sind and Punjab species of Scaphiodon belong to Cyprinion Heckel 
which is characterized by the following salient features :— 

i. Seven branched rays in the anal fin. 

ii. A more or less developed scaleless furrow between the occiput 

and the origin of the dorsal fin. 

iii. Dorsal with an osseous ray serrated behind and with 9-1G 

branched rays. 

iv. Scales subcircular. 

v. Barbels 2, angular. 

vi. Intestinal canal very long, with many convolutions. 

vii. Posterior chamber of the air-bladder long and narrow. 

Berg also gave a preliminary list of all the species of Cyprinion 
belonging to the mitsoni-group [small forms with (9) 10-11, mostly 10, 
branched rays in the dorsal and occurring in Southern Persia, Balu¬ 
chistan, Sind and the Salt Range], with their respective synonyms and 
range of distribution. There would thus seem to be no uncertainty 
about the systematic position of the Indian species belonging to Cypri - 
nion Heckel. For a general account and good figures of this tvpe 
reference may be made to my 3 account of Scaphiodon readingi, which, 
according to Berg, is synonymous with Cyprinion irregulare (Day). 
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Though Berg has recently shown that Cirrhina afghana Gunther 
is a synonym of Cyprinion microphthalmum (Day), it may be noted 
that Day 1 was already familiar with the fact that Gunther’s species 
belonged to Scaphiodon, for, in referring it to the synonymy of S . 
irregularis , he observed “ Not only does this fish differ from those of the 



Text-piq. 1 . — Osteochilus (Ostcochiltchthyn) thomassi (Day). 

a. Lateral view of head of one of Day’s specimens (No. 2192) : XlJ; b. Ventral 
surface of head of same: X ; c. Ventral surface of head of a young specimen (No. 
FI2430/1) : X3J. 

genus Cirrhina in the character of its mouth, but it likewise possesses a 
serrated osseous ray in the dorsal fin 

The position of the three South Indian species is somewhat difficult 
to define, for they not only differ in fundamental characters from Cypri- 
nion and allied genera, but also among themselves in several important 
features. For instance, in Scaphiodon thomassi the lips are stated to 
be discontinuous, “ the upper one fringed. Large pores on the snout 
and upper lip, and a line of them continued to under the eye The 


Day, F., Fish. India, Supply p. 807 (1888). 


1942.] S. L. Hora : Notes on Fishes. $ 

last undivided ray of the dorsal is weak and articulated. The lips of 
S. nashii are “ thin, without any transverse fold across the lower one. 
Snout in the adult covered by papillae ”. In this species also the dorsal 
is without an osseous ray. In S. brevidorsalis , there arc “ three rows 
of large pores across the snout, and extending on to the preorbital bone ; 
knob at symphysis badly developed : a thin cartilaginous covering to 
both jaws. Upper lip crenulated”. The last undivided ray of the dorsal 
fin is osseous, very strong and entire. 

Fortunately, specimens of all the three species arc present in the 
collection of the Indian Museum so I am in a positim to give further 





Text-ETO. 2.—Species of Osteochilus Grtinthor from Peninsular India : Nat. SUe. 
a. Osteochilus (Osteochilichthys) thomassi (Day); b. Osteochilus ( Osteochilichthys) 
nashii (Day) ; c. Osteochilus ( Kantaka) brevidorsalis (Day). 

details regarding their salient features. Of Scaphiodon thomassi , Day 
had two examples from South Canara. One of these (No. 2192), pro¬ 
bably the original of his figure in the Fishes of India , is now preserved in 
the collection of the Indian Museum. I find (text-fig. 1 b) that the lips are 
continuous and fleshy at the angles of the mouth, the upper lip, the basal 
and adnate part of which is covered by the rostral fold, has a free and 






pendulous portion which is markedly fimbriated. The lower lip is 
transverse, does not cover the jaw and is attached to it at a short dis¬ 
tance behind the mouth, only the lateral portions near the angles of 
the mouth are free and continuous with the upper lip ; it is papillated 
along its anterior border which is followed by a transverse series of small 




Text-fig. 3.— Onteochilus ( Osteochilichthys) tiaahii (Day). 

a. Lateral view of head of the specimen No. FT 1145/1 from the Hhavani river: 
X 2 ; b. Ventral surface of head of same : x 2; c. Ventral surface of head of a young 
specimen from Shimoga, Mysore. 

pores. There are oblique grooves on the sides of the snout running 
to the ventral surface which are more marked when the mouth is closed. 
Other features are as described by Day. 

On further examination I find that the specimen from Coorg referred 
by me 1 to S. thonuissi belongs to S . nmhii and that one (No. F 12430/1) 
of the four specimens with broad mouth a id fimbriated lips described 
by me 2 as S. nashii is referable to S. thomassi (fcext-fig. 1 c). The confusion 
had arisen owing to the fact that in the young of S . thomassi also the body 
is marked with a dark lateral band and the dorsal and anal fins are 

' Hora, 8. L., Hec. Ind . Mus. XXXIX, p. 19 (1937). 

2 Hora, S. L., ibid., p. 9 (1937). 
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marked with dark bands (fext-fig. 2 a & b). In spite of the common 
colour markings and uniformity in scale-counts ami number of fin ray i 
the two species can readily be distinguished by the structure of the mouth 
and associated parts and by the greater depth of body in S. thomassi 
(3i in thomassi versus 4-5 in nashii). 

In S. mishii the mouth is narrower, the lips are simple and continu¬ 
ous at the angles of the mouth ; the portion of the lower lip between 
the lateral portions of the labial groove is considerably behind the tip 
of the jaw, to which it is firmly attached, and is plicated. Mukerji 1 
redescribed this species from a specimen from the Bhavani River in the 
Nilgiri Hills. Attention may here be directed to a footnote by Day 2 on 
variation in the form of the snout in this species. He stated :—• 

“ The mouth in this species alters so with ago, that until 1 had compared specimens 
of my Osteochilus Malabaricus with gradations of Scaphiodon Nashii since obtained, 

I could not have believed in their being identical. Jn the young tho jaws are com¬ 
pressed, each with a cartilaginous covering : the lips at the angles are thick and con¬ 
tinuous, not continued across the chin. As age increases tho mouth widens, the cartila¬ 
ginous covering becomes more horny, and the colours of the fish alter.” 

It has already been pointed out by Mukerji that Day’s Osteochilus 
malabaricus is probably a misnomer as he seems to have described no 
species under this name. However, one thing is clear that Day re¬ 
garded a certain fish from Malabar allied to Osteochilus Gunther. S. 
thomassi , with fimbriated lips, has certainly great affinities with Gunther’s 
genus. I shall refer to this later. 

Scaphiodon brevidorsalis (text-fig. 2 c) is readily distinguished from 
the other two species referred to above in the possession of a strong 
dorsal spine. In the young stage, the upper lip is feebly but distinctly 
fimbriated and the lower lip is papillate:! (text-fig. 4 b), but with growth 
the upper lip becomes crenulated (text-fig. 4 d) as described by Day. In 
the structure of the mouth and the associated parts, this species is more 
or less'intermediate between the other two, and there can be no doubt 
that the three forms have much in common to be included in a single 
genus. 

As remarked above, Day’s species of Scaphiodon from the Western 
Ghats are abundantly distinct from Cyprinion Heckel (-= Scaphiodon 
Heckel) and somewhat allied to Osteochilus Gunther. The latter genus 
was established by Gunther 3 to accommodate a group of Cyprinid fishes 
from the 4 East-Indian Archipelago ’ with the following characteristics : 

“ Scales rather large. Dorsal fin without osseous ray, with from thirteen to twenty- 
one rays, commencing in ad van/e of the ventrals. Snout obtusely rounded, maxillary 
region scarcely thickened, and but slightly projecting beyond the mouth. Mouth trans¬ 
verse, inferior or subinferior, with the lips more or less thickened, fringed or crenulated ; 
instead of the inner fold, as described in Labco , the osseous part of the mandible forms 
a hard sharp trans\erse prominence ; no symphysial tubercle. Barbels small, nearly 
always four. Anal scales not enlarged. Anal fin very short. Pharyngeal teeth 5.4.2— 
2.4.5. ” 

“ Snout sometimes with horny tubercles which periodically fall off, leaving their 
former bases as shallow^ round depressions (pores).” 

Day 4 included three species from Burma under Osteochilus , but on 
an examination of the specimens in the collection of the Indian Museum 
I find that Day’s specimens of 0. chalybeatus (Cuv. & Val.) do not belong 


1 Mukerji, D. D., Journ. Bombay Nat. Hist. Soc. XXXV, p. 169 (1931). 

3 Bay, F., Fish. India, p. 552 (1877). 

3 Gunther, A., Vat. Fish. Brit. Mas. VII, p. 40 (1868). 

4 Day, F., Fish. India , p. 545 (1877). 


& Records of the Indian Museum. [ Vol. XL1V, 

to this genus, but are referable to Labeo Cuvier. In fact, the two speci¬ 
mens of 0. chalybeatus in the collection (Nos. 1527 and 1528) were, 



Tkxt-fig. 4. — Osteochilus (Kantaka) brevidorsalis (Day). 

rt. Lateral view of head of a young specimen from the Bhavani rivor: x 2$ ; b. 
Ventral surface of head of same : X 2J ; r.. Lateral view of head of an adult specimen 
from Mysore : x 1} ; d. Ventral surface of head of same : X 1{. 

entered in the Register on 21st May, 1879, as Labeo ; they had been 
collected at Moulmein. One of these specimens (No. 1527) is probably 
the original of Day’s description and figure, while the other has only 
39 scales along the lateral line and 9 branched rays in the dorsal fin. 
The snout is covered with large well developed pores. This specimen 
seems to belong to Labeo boga (Hamilton). There are four specimens 
(Cat. Nos. 667-669) of Osteochilus neilli (Day) from Mandalay and Sittang 
but there is no specimen of 0. cephalus (Cuv. & Val.). The last species 
was described by Cuvier and Valenciennes 1 as a Labeo and Vinciguerra 2 
also showed that it is not referable to Osteochilus . It would thus appear 


1 Cuvier, G., and Valenciennes, A., Hist. Nat. Poiss^XX I, p. 374 (1842). 

2 Vinciguerra, D., Ann. Mus. Civ. Stor. Nat. Genova (2) IX, p. 265 (1890). 
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that Day had only one species of Osteorhilus from Burma which is very 
similar to the large number of species known from the East Indies. Since 



Text-fig. 5. — Vontral surface of head and anterior part of body of three species of 
Osleochilns Gunther from Burma. 

a. Osteochilus (Osteochilus) neilli Day: x 2} ; b. Osteochilus (Osteochilus) vittahts 
(Cuv. & Val.) : x 1 J ; r. Ostrochilu* ( Altigcna ) sondhii Mora and Mukerji : X 1J. 

then Mukerji 1 recorded 0. vittatus (Cuv. & Val.) from the Mergui Dis¬ 
trict, Lower Burma, and Mukerji and I 2 described O. sondhii from the 
Salween River at Takaw in the Kengtung State, Burma. The last 
species possesses only two short maxillary barbels and the lips are only 
slightly fimbriated, but the lower lip, though free, still covers the jaw 
and is finely striated along its entire inner surface. 

In recent years several new species of Osteochilus , with considerable 
variation in structure and form, have been described from Southern 
China and Siam, and it appears that the genus is widely distributed in 
south-eastern Asia with its range extending as far west as Burma. Two 
attempts have been made to group the species into subgenera. Lin 3 
in his account of the Chinese species of Osteochilus observed that : 

“ Tho Chinese species of this genus show some notable variations from those of the 
Indo-Australian Archipelago and the mainland of India. The small, superior eye, and 
the striate or smooth up|K»r lip of 0/ turujtituj and O. brevis , for example, are characters 
not known to be present in Indian species. But variations of this sort are quite com¬ 
mon among tho closely allied species of Cyprmidae and can not be of generic significance. 
In my description, therefore, I have taken the liberty to add these two characters and 
other small points to the original diagnosis of Osteochilus by Gunther.” 

Lin recognised two sub-genera in the genus Osteochilus , which he 
defined as follows :— 

A. Eye moderate or large, less than 5 in head ; check narrow ; skin 
of head not thickened. Lips thick, the upper one strongly 
striate, usually dilated laterally, continuous. Lower lip more 
or less papillate or fimbriate. Mandibular margin with trans¬ 
verse, hard, sharp, horny sheath. Barbels 4, or 2 maxillary 
ones only .. .. .. .. • • Osteochilus . 

AA. Eye small, its diameter more than 5$ In head, immediately 
below upper profile of head. Cheek deep. Skin of head 
thickened. Mouth distinctly inferior; lips thick, papillose, 
not fimbriate. Mandible with transverse, sharp horny edge. 

2 minute maxillary barbels or none .. .. .. AUigena. 


1 Mukerji, D. I)., Rec . Ind. Mus. XXXIV, p. 286 (1032). 

2 Hora, K. L., and Mukerji, D. 1)., Rec . Ind. Mus. XXXVI, p. 350 (1034). 

* ^in, S. Y., Lingnan Set. Journ. Canton XII, p. 340 ^1033), 
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Fowler 1 distinguished two subgenera among the species from Siam 
and the East Indies, Osteochilus and Neorohita , on the size of scales 
(small, 45 to 55 in lateral line in Osteochilus while moderate or large, 
30 to 40 in lateral line in Neorohita) and general physiognomy—the 
eyes being more elevated and snout short in Neorohita . 

It will be clear from the above that though Day’s three species of 
Scaphiodon from the Western Ghats cannot be assigned to Osteochilus 
Gunther (sensu stricto ), they are very closely related to Altigena Lin in 
the structure of the mouth and associated parts though the eyes arc 
relatively much larger. Relying on the number of scales, their position 
would appear to be among Neorohita Fowler, but the structure of the 
mouth parts is very different. I am, therefore, obliged to separate them 
from the large number of species that have hitherto been described 
under Osteochilus. For the two species without an osseous ray in the 
dorsal fin, Scaphiodon thornassi and S. nashii, I propose the subgenus 
Osteochilichthys ; while for the unique species with a strong dorsal spine 
in the dorsal fin, S. brevidorsalis, Kantakar. Of the species of Osteochilus 
known from Burma, 0. neilli Day, with 34 scales along the lateral line, 
four barbels, fimbriated lips and eye 3J- times in length of head is refer¬ 
able to the subgenus Osteochilus Lin. 0. mttutus (Cuv. & Val.), with 
33-34 scales along the lateral line, four barbels, fimbriated lips and eye 
3-4 times in length of head also pertains to the same subgenus. As 
regards general physiognomy, however, 0. neilli is allied to O. melano - 
pleura (Bleeker), the type of Fowler’s subgenus Osteochilus , though its 
scales are of a moderate size. The third Burmese species, O. somlhii 
possesses 39-40 scales along the lateral line, two short maxillary barbels 
which are hidden in deep grooves, lips are slightly fimbriated or papil¬ 
la ted (the lower lip, though free from the jaw, covers it entirely) and 
the'eye is contained from 3-5-3*9 times in the length of the head. On 
the number of scales, therefore, all the three Burmese species should 
be included in the subgenus Neorohita Fowler, which is the commonest 
type in south-eastern Asia. It seems, however, that the species of 
Osteochilus from Southern China, Indo-China, Siam, Malay Peninsula 
and the Indo-Australian Archipelago are greatly in need of revision and 
regrouping. 


Genus Osteochilus Gunther. 

Subgenus Osteochilichthys, nov. 

The members of this subgenus differ from the other subgenera of 
Osteochilus in having the lower lip attached to the lower jaw at some 
distance from the mouth, with the result that the lower jaw is not 
covered by the lip as is also the case in Scaphiodon TIeckel. The eye 
is of a moderate size (3-4J in length of head) and the number of scales 
along the lateral line varies from 39 to 43. 


1 Fowler, H. W., Proc. Acad . Nat. Sci. Philad. LXXX1X, p. 179 (1937). 
Perived from a Sanskrit word meaning spine. 
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Type-species.—Scaphiodon thomassi Day. 

The other species referable to Osteochilichthys is S. nashii (Day). 
Though agreeing in lepidosis and number of fin-rays, the two species 



Text-fig. 6. —Scales from below base of dorsal fin of species of Osteoctulus from Penin¬ 
sular India. 

a. Osteochilus (Kantaka) brevidorsalis (Day), yountf specimen : xI2£; b. Osteo- 
chihis ( Osleochilichthys) thomassi (Day): X 15; c. (Jsleochilas (Osteoch il ichthys) nashii 
(Day): X 12*. 


differ in their respective relative depth of the body and the structure 
of the mouth and associated parts as indicated above. 


Subgenus Kantaka, nov. 

This subgenus is proposed for Scaphiodon brevidorsalis (Day). It 
is closely allied to Osteochilichthys described above, but differs from it 
in the possession of a very strong osseous dorsal spine. So far as I am 
aware, this is the only species of Osteochilus in which the dorsal spine 
is osseous and strong. 

Type-species.- Semiplotus brevidorsalis Day. 

/ 
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Measurements in millimetres , scale-counts and jin-rays of Osteochilus 
(Osteochilichthys) thomassi (Day), 0.(Osteochilichthys) nashii (Day) and 
0. (Kantaka) brevidorsalis (Day). 


O. thomassi . O. nashii. O. brevi¬ 

dorsalis. 


Total length .. 

166 

143+C. 82 

141 

104 

95 

92 

264 

103 

Length of caudal 

33 

— 

20 

29 

23 

22 

19 

63 

29 

Depth of body 

47 

66 

24 

35 

26 

21 

20 

77 

25 

Length of head 

31 

33 

16 

26 

19 

18 

17 

43 

18 

Width of head 

18 

22 

10 

16 

12 

11 

10 

32 

11 

Height of head 

26 

28 

13 

19 

16 

14 

14 

41 

15 

Diameter of eye 

9 

10 

5 

7 

6 

6 

6 

11 

7 

Interorbital distance 

12 

17 

7 

11 

8 

7 

7 

23 

8 

Length of caudal 

19 

21 

9 

18 

12 

11 

12 

32 

11 

peduncle. 

Least height of caudal 

16 

20 

8 

14 

10 

9 

9 

26 

10 

peduncle. 

Scales along lateral line 

40 

39 

40 

43 

41 

41 

41 

40 

41 

Transverse rows of 

13 

12 

14 

14 

13 

14 

14 

14 

14 

scales. 

No. of predorsal scales 

13 

13 

13 

14 

13 

13 

13 

12 

12 

No. of rows of scales 

5 

41 

5 

5 

5 

5 

5 

5 

5 

between L. 1. and V. 

No. of rays in dorsal .. 

4/11 

4/11 

4/11 

4/11 

4/11 

4/11 

4/11 

4/12 4/11 

No. of rays in pectoral 

14 

14 

14 

14 

14 

14 

14 

14 

14 

No. of rays in ventral 
No. of rays in anal .. 

9 

9 

9 

9 

9 

9 

9 

9 

9 

2/6 

3/6 

3/6 

3/5 

3/5 

3/6 

3/6 

3/6 3/5 

No. of rays in oaudal .. 

19 

19 

19 

19 

19 

19 

19 

19 

19 


XLIII. On the Systematic Position of Cyprinus nukta Sykes. 

~In describing his Cyprinus nukta from the Inderanee river, 18 miles 
north of Poona, Sykes 1 stated that the character of its head—“ with 



Text-pig. 7. —Lateral view of Schismatorhynchus (Nukta) nukta (Sykes) : x J. 


two short horns or bosses on the space between the eyes ”—is sufficient 
to distinguish it from all other species of Cyprinus. According to him, 
both Riippell and Yarrell, after examining the fish, pronounced it as 
“ a monstrosity of C. auratus 99 . Sykes, however, found it very common 
in the Deccan and the local people recognised it as a distinct kind and 
called it by the specific name Nukta , in which reference is made to the 

1 Sykes, W. H., Trans. Zool. Soc. London II, p. 325 (1841). 
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fist-shaped proboscis on the snout. Jerdon 1 referred to it with a query, 
but Gunther 2 included it definitely under the synonymy of Carassius 
auratus. Day, 3 after examining two specimens from Poona, 10 and 12 
inches respectively in length, included the species under Labeo Cuvier 
and gave a complete account of the fish. With regard to the structure 
of the head he observed, “ Head compressed, snout projecting over 
the mouth and having a deep groove passing from one orbit to the 
opposite one, thus occasioning the appearance as if there were a blunt 
compressed knob, between and before the orbits When further 
material became available to Day 4 from “ the rivers of the Deccan ”, 
he emended his first description to a certain extent. In the Fauna 
he 5 gave two Marathi names of the species, Nakta and Naktashendva . 
A reference to the literature shows that this remarkable character in 
Labeo- like fishes is shared by only one other species, Schismatorhynchus 
heterorhynchus (Bleeker), for which Bleeker 6 had proposed a distinct 



Text-fig. 8.— Lateral view of head of two species of Schisrrwtorhynchw Bleeker. 

a. Schismatorhynchus ( Schismatorhynchus) heterorhynchus (Blkr.): v Nat. Size. 
After Weber and de Beaufort; b. Schismatorhynchus (Nukta) nukta (Sykes): x 1J. 

a. rostral barbel; b., maxillary barbel; /., frenulum; h. 1 . j ., homy layer 
of lower jaw ; l. I ., lower lip ; p., prolongation of the lip ; prob ., proboscis ; r. 
rostra) fold; u. 1., upper lip. 


genus, though Gunther 7 8 and later authors included it under Tylognathus 
Heckel or Labeo Cuvier. Weber and de Beaufort* have recognised 
Bleeker’s genus as valid and in giving its distribution noted “ Fresh 
water of Indo-Australian Archipelago (Sumatra and Borneo) ; perhaps 
also represented on the Indian continent Presumably the authors 
had in mind Labeo nukta (Sykes), for no other species of Labeo on the 
Indian mainland possesses a proboscis on the snout. 


1 Jerdon, T. C., Madras Journ. Lilt. Sci. XV, p. 303 (1849). 

* Gtinther, A. f Cat. Fish. Brit. Mus. VII, p. 32 (1868). 

* Day, F., Journ. As. Soc. Bengal XLI, p. 319 (1872). 

4 Day, F., Fish. India , p. 543 (1877). 

* Day, F., Faun. Brit. Ind. Fish I, p. 270 (1889). 

•Bleeker, P., Nat. Tijdschr. Ned. Ind. IX, pp. 258, 269 (1855). 

7 Gtinther, A., loc. cit. t p. G7 (1868). 

8 Weber, M. and de Beaufort, L. F., Fish. Indo-Austral . Archipel. Ill, p. 216 (1916). 
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There is undoubtedly a great similarity between the Indo-Australian 
species Schismatorhynchus heterorhynchus and the Deccan form Labeo 
nukta , but when the specimens of the latter are compared with Weber 



Tkxt-fkj. 9.—Ventral surface of head in two species of Schixwatorhi/nrhus Bleeker. 

a . Schismatorhynchuts (Schi.smatorhynchus) heterorhynchus (Blkr.). Nat. Size, 
After Weber and do Beaufort; ,b. Schismatorhynchus (Nukta) nukta (Sykes): X 2. 

h ., maxillary barbel; frenulum; h.t.j., horny layer of lowcu* jaw; l. /.. 
lowin’ lip; />., prolongation of jaw ; r. rostral fold ; v. upper lip. 

and de Beaufort's description of the former the following points of 
difference may be noted : 

Schianntorhyuch ns heterorhynchus. Lubco nukta. 

1. Lower part of snout much longer and more prominent Lower part of snout goner- 

"than the upper. ally longer than the upper, 

hut, though more promi¬ 
nent, may be equal to it. 

2. Corner of mouth prolonged as a kind of gutter. Corner of mouth not pro¬ 

longed. 

3. Lower lip relleeteil, not continuous with the upper lip. Lower lip reflected, inner 

surface studded with large 
papillae, continuous with 
upper lip. 

Labial groove restricted to 
the corners of the mouth 
and contains flaplike, 
cronulatod, small maxil¬ 
lary barbels. No longi¬ 
tudinal grooves continuous 
with the labial groove run 
backwards from the 
angles of the mouth. 

Rostral barbels absent. 

The differences noted above in the structure of the lips and associated 
parts are of sufficient value to separate the two species generically, but 
I wish at the same time to stress, particularly from a zoogeographical 
point of view, the great general similarity in the form and structure 
of the two species and have accordingly divided the genus ScMsmato- 
rhynchus into two subgenera, Schismatorhynchus for S. heterorhynchus 


4. Lower lip separated from the posterior prolongation 
of the soft covering of the jaw by a longitudinal 
postlabial groove, which is divided by a longitu¬ 
dinal fleshy frenulum in a median and a lateral 
part, the last of which contains tin* maxillary barbel 
and the gutter-liko prolongation. 


5. Pair of rostral barbels. 
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and Nukta, subgenus nov., for Cyprinus nukta Sykes. (Type-species 
for the subgenus Nukta is Cyprinus nukta Sykes.) The distinguishing 



Tkxt-fiq. 10.—A scale of Nrhisniaiorhynchu* (Nukta) uukta (Sykes) from below base of 

dorsal (in : X 6. 

characters of these two subgenera are given in the table above. In the 
three specimens of S. (Nukta) nukta that T have examined, the extent 
of the proboscis varies considerably. As sufficient material of the species 
is not available, T give below a table of measurements, scale-counts and 
fin-rays to facilitate reference in future. 


Measurements in millimetres, scale-counts and Jin-rays of Schismato- 
rhynchus (Nukta) nukta (Sykes). 


Total length 


.. 224 

29(5 

299 

Length of caudal 


.">4 

66 

72 

Depth of body 


.. 56 

67 

73 

Length of head 


u 

46 

45 

Width of head 


28 

:u 

32 

Height of head 


.. .‘15 

40 

41 

Length of proboscis from anterior margin of orbit 
Diameter of eye .. 


15 

9 

17 

l) 

13 

9 

Interorbital distance 


18 

20 

21 

Length of caudal peduncle 


26 

31 

30 

Least height of caudal peduncle 


24 

31 

32 

Scales along lateral lino 


.. :J8 

37 

37 

Transverse rows of scales 


14 

15 

14 

No. of predorsal scales 


15 

14 

14 

No. of rows of scales between L. 1. and V. 


.. r> 

5 

5 

No. of rays in dorsal 


3/9 

2/9 

3/8 

No. of rays in pectoral 


.. 1/15 

1/13 

1/13 

No. of rays in ventral 


... 9 

9 

9 

No. of rays in anal 


2/5 

2/5 

2/5 

No. of rays in caudal 


19 

19 

19 
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ZOOGEOGRAPHICAL REMARKS. 

The great significance of the taxonomic findings reported above 
lies in the fact that further valuable evidence has become available to 
stress the Malayan affinities 1 of the fish fauna of Peninsular India ; 
the distribution of Osteochilus is at par with that of the Homalopteridae 2 , 
Silurus , 3 4 Batasiof Thynnichthys , etc. All of these fishes are widely 
represented in the fauna of south-eastern Asia, but a few forms are 
also found in "Peninsular India in the Western Ghats or the hill ranges 
associated with them. The distribution of Schismatorhynchus is still 
more remarkable ; it is represented by one species in Sumatra and 
Borneo, Malay Archipelago, and by a second species, subgenerically 
distinct, in Peninsular India. It is remarkable that though a number 
of the Malayan Cyprinoid genera have undergone structural changes 
as a result of their long isolation in Peninsular India and have proli¬ 
ferated into new genera or subgenera the typically Malayan catfishes 
of Peninsular India, such as Silurus and Batasio , have not shown any 
marked change from their respective ancestral stock in the Far East. 


1 Hora, S. L. and Law, N. C., Rec. Ind. Mus. XL1II, p. 242 (1941). 

* Hora, S. L., Rec. Ind. Mus. XL1II, p. 222 (1941). 

8 Bhimachar, B. S. and Subba Ban, A., Journ. Mysore UrUv. (B) I, p. 147 (1941). 

4 Hora, S. L. and Law, N. C., loc. cit. XL111, p. 28 (1941). 



CYCLOPOiDES NOUVEAUX DU CONTINENT INDOTRANIEN. 

Ill-IV. 


Par Knut Lindukru. 

III. 

Cyclops kozminskii, sp. nov. 

Description. -Longueur saus soics apicales 1101 p ; cephalotliorax 
765 p, queue (abdomen-|-furea) 399 p. La largeur maximum, do 118 p, 
se trouve un peu on arrierc du millieu du premier segment cephalotho- 
racique. La largeur des 4 autres segments thoraeiques est la suivante : 
371, 314, 266, 219 p. Les angles lateraux des bords posterieurs du 
deuxieme et du troisieme segments thoraeiques sont legerement 
allonges mais ne presentent pas d’elargissements appreciable^. Les 
parties correspondantes du quatrieme et du cinquieme segments thoraei- 
ques inontrent une prolongation en pointe dirigee en bas et en dehors, 
k termination papilliforme tournee legerement en avant. II n’y a aucune 
expansion aliforme de ees parties. La longueur du segment genital 
surpasse cellc des 3 segments abdominaux suivants combines ; il est 
un peu plus long que large et se retrecit graduellenient d’avant en arricre. 
Sa partie proximale est nettement moins large que le cinquieme segment 
thoracique. Lords posterieurs des 3 premiers segments abdominaux 
grossierement dentes ; eelui du quatrieme segment abdominal porte sur 
la face ventrale une rangee continue de petites opines. Furca a branches 
legerement divergentes, environ 6 fois aussi longues que larges, a bords 
internes cilies. Longueur : largeur (102 (-37): 23—61)4: I. La petite 
encoche pourvuc de 1 a 2 epines minuscules se trouve sur le bord externe 
a 35 (x de la base de la furca. Soies apicales (du dehors en dedans) 
63 : 334 : 464 : 83 (x. Ainsi la soie apicale interne id est que legerement 
plus longue que la soie apicale externe. La soie laterale externe est 
inseree un peu en avant de l’union des trois quarts proxiiuaux avec le 
quart distal. Soie dorsale de 66 [x, de longueur a peu pres egale a celle 
de la soie apicale externe. Premiere antenne a 17 articles, assi'z courte 
(longueur totale 436 (x) ; rabattue, elle atteint a peine le tiers posterieur 
du premier segment cephalotlioraciqm 1 -. La longueur des articles en 
(x est la suivante : 

I II III IV V VI VII VIII IX X XL XII XLIl XIV XV XVI XVII 
83 23 11 35 27 13 32 15 14 15 15 22 15 15 27 32 42 

Pattes natatoires tri-articulees. Formule des epines 2-3-3-3. Article 
terminal de Feiulopoditc de la quatrieme paire de pattes un peu plus 
de deux fois aussi long que large (longueur : largeur 74 : 34 u —2-18 : 1) ; 
epines apicales de longueur a peu pres egale, l’externe surpassant tres 
16g6rement celle de l’interne ; dies sont beaucoup moins longues que 
Particle (6pine interne : epine externe 43 : 45 p.—0*96 : l ; article : 
epine interne 74 : 43 p—T72 : 1). Lamelle basalc reunissant la qua- 
trifeme paire de pattes k petites eminences lat6rales et a tres faible con- 

[ 15 ] T) 
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cavit6 au centre du bord libre. Cinquieme patte a dcuxieme article 
2 fois aussi long que large ; epine inseree en arricre du milieu du rebord 
interne ; soie apicale 2 fois plus longue que la soie oxter ne du premier 
article (soie du premier article 53 p ; soie apicale 100 p ; opine 13 p). 
Receptacle seminal montrant deux moities dissemblables. La partie 
distale etait difficile k distinguer et est representec sur la figure d’une 



Ftg. 1 .— Cyclops kozminskii, «p. nov. V- 

a. C^phalothorax ot premier segment abdominal, b. Anglos hiteraux dcs troiaieme 
quatridme ot einqiiifano acgments thoraciques. c. Cinquieme patte et receptacle 
seminal, d. Furea. c. Premiere antenne. f. Lamello basale do P 4. g. Article 3 
do Pendopodite de P 4. 

fa£on approximative ; la partie proximale par contre etait d’une grande 
nettet6 ; elle remplissait de ee cute transversalement la plus grande 
partie du segment genital. Ovisacs tres grands, depassant l’extr&nite 
de la furca ; ils 6taient 14gerement eeartes du corps ; Tun renfermait 
27 oeufs, l’autre 31. Male inconnu. 

Habitat --line fosse contenant de l’oau de pluie k Lahidjan (Guilan). 
Une seule femelle pechee fin octobre 1939. Dans la memo fosse se 
trouvaient d’assez nombreux 0. viridis Jurinc, quelques C. bicuspidatus 
Claus, et une seule E . scrrulatus Fischer. 
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Remarques. —La forme presente n’a pu etre decrite que d’apres un 
seul individu, mais ses caracteristiques sont si definies et si frappantes 
qu’il n’est possible de la rapprocher d’aucune autre espece connue jusqu’ 
k maintenant, pour autant que je le sache. Elle offre une structure du 
receptacle seminal semblable a celle de C. insignis Claus, mais s’en dis¬ 
tingue par des differences notables dans la premiere antcrme, la furca et 
Particle 3 de l’enp. 4. De C. kolensis Lilljeborg elle se separc nettement 
par la configuration du receptacle seminal et de Particle 3 du l’enp. 4. 
Pour autant qu’il me soit connu aucun autre C. sire nu, us s. 1. possede un 
article terminal de Pendopoditc de P 4 k epines apicales de longueur k 
peu pres egale. 

J’ai nomine cette espece interessante et tres remarquable en honneur 
du savant polonais Zygmunt Kozminski, envers lequel tous ceux qui 
6tudient le sous-genrc Cyclops s. str. ont contracts une dette de recon¬ 
naissance durable. 


Cyclops caspicus, sp. nov. 

A Bender Gaz j’ai trouve dans trois habitats differents des animaux 
qui se sont montres difficilcs a classifier. 

Leur formule des epines etait de 2-3-3-3. Les angles lateraux des 
bords posterieurs des quatrieme et cinquieme segments thoraciques 
offraient des prolongemonts notables avec un certain degr6 d’elargisse- 
ment, qui copendant semblait moins prononce quo chez C. vicinus 
Uljanine. Leur segment genital avait vers le milieu une constriction 
assez brusque, mais, par suite de la structure des angles lateraux des 
segments thoraciques deja montionnes. et des branches de la furca com- 
parativement courtes, il no m’a pas semble possible de les identifier 
avec C. furcifer Claus. De C. vicinus vicinus ils se differenciaient nette¬ 
ment par le peu de developpement de la soie apicale interne de la furca, 
sa longueur en pour cent de la longueur de la soie apicale externe variant 
chez les cinq fcmelles examinees de 112 a 138, avec une moyenne de 
122 p. cent. Ceci semblait excluro une comparaison mcme avec 0. 
vicinus kikuchii Smirnov, chez qui ce pourcentage est de 170*9 (selon 
Kozminski). La longueur des branches de la furca ne s’accordait pas 
avec celle de C. vicinus vicinus et encore moins avec celle de C. vicinus 
kikuchii . La structure de Particle 3 de Penp. 4 et celle de la cinquieme 
patte ressemblait a celle de C . furcifer . 

Les faits etant ainsi il ne m’a etc possible de traiter ces specimens 
comme appartenant a une sous-espece ni de C. vicinus ni de C. furcifer, 
et je n’ai pas vu d’autre solution que de les considerer comme repr6s- 
entant une espece nouvelle pour la science. 

Description. -Fern die, 5 individus examines (specimens ayant la 
premiere autenne k 14 articles 3 ; a 16 et & 17 articles une de chaque). 
Longueur sans soies apicales de 1500 a 1780 p ; largeur de 522 k 570 p. 
Habitus general assez elancc ; angles lateraux des bords posterieurs dis 
deuxteme et troisieme segments thoraciques sans expansions ou accen¬ 
tuations appreciable.^ ; ceux des quatreine et cinquieme segments notable- 
ment allonges en pointe, tournee en dehors et un peu en avant. Segment 
genital 4 peu pres aussi large que long. Sa partie proximale est renflee 
et elle se r^trecit assez subitement en arriere, la partie distale offrant 
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un aspect cylindrique. Bords posterieurs des trois premiers segments 
abdominaux grossierement dentes. Le quatriemc segment abdominal 



Fia. 2 .—Cyclops caspicus , sp. nov r . (Marais au bord do la mer). 

a. 9 Cophalothorax et premier segment abdominal, b. 9 Angles lateraux des 
quatrieme et einquiemo segments thoraeiquos. r. 9 Keeeptaele seminal, d. 9 
Cinquieme patte (deux individus). e. 9 Furca. /. V Fie mi ere antenne. g. 9 Lamelle 
basale do P 4. h. 9 Artielo 3 do l’endopodite de P 4. i. 9 Article 3 do l’endopodite 
do P 4. (autre specimen), j. $ P 6. 

porte sur sa face ventrale une rangee d’epines minuscules. Furca, k 
branches d’environ 0 fois aussi longues que larges, le plus souvent 16gere- 
ment divergentes ou paralleles ; chez un. specimen a premiere antenne 
cornposce de 17 articles, de ninne que chez celui comptant 10 articles 
de cette antenne, dies etaient fortement divergentes ; leur bord interne 
porte des cils et sur la face dorsale se voit une crete chitineuse. Le 
bord externe presente vers le tiers proximal une petite entaille ou protu¬ 
berance. Soie laterale externe a insertion dorsale, k la jonction des 
quatre cinquiemes proximaux avee le dernier cinquieme distal. Soie 
dorsale plus courte que la soie apicale externe. Soie apicale interne un 
peu plus longue que la soie apicale externe. Soie apicale m&liane 
interne plus de deux fois aussi longue que la branche de la furca. Pre¬ 
miere antenne k 14, 16 ou 17 articles ; rabattue, elle atteint le plus sou- 
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vent le bord posterieur du premier segment cephalothoracique et parfois 
le milieu du dcuxiemc segment thoracique. La longueur des articles 
de la premiere antenne etait la suivante chez la femelle a 14 articles 
la plus grande : 

I II III IV V VI V1L VIII IX X XI XIL XIII XIV 

100 31 17 48 35 18 43 80 28 20 22 40 53 (50 [i. 

La longueur respective des articles de l’individu dont la premiere 
antenne en comptait 1(5 est donnee ci-dessous : 

I II III IV V VI VII VIII IX X XI XII XIII XIV XV XVI 

108 27 17 47 33 18 47 40 22 25 30 17 25 43 58 08 (J, 

Ainsi la longueur to tale do 625 [x represen tait 478 pour mille de la 
longueur du corps (prise dans le sens de Kozminski, c’est-a-dire ceplialo- 
thorax-f-abdomen sans furca). 

Les deux branches des pattes natatoires a 3 articles. Formule des 
Opines 2-3-3-3. Article terminal de l’enp. 1 deux fois ou un peu moins 
que 2 fois aussi long que large. Epine apicale interne surpassant consi- 
derablement la longueur de Particle ; elle est plus de deux fois et peut 
meme etre presque trois fois aussi longue que Pepine apicale externe. 



Lamelle basale de la quatrieme pairc de pattes offrant la structure 
usuelle des membres du groupe strenuus. Cinquieme patte 2i deuzieme 
article trapu, k 6pine du rebord interne prenant son origine pres de 
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Marfcage entre la $ 1596 (155 + 43): 32 = 6 19: 1 73 133 : 401:551: 155 70 : 37 = 1-89: 1 83 : 40 = 2-07:1 0-84: 

ville et. la mer. 
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I’extr6mit6 de Particle. Receptacle seminal de configuration semblable 
k celui de C. strenuus s. str. Ovisacs grands, pouvant depasser l’extre- 
mite de la furca, legerement ecartAs du corps. J’ ai compt6 de 33 & 
62 oeufs dans un ovisac. 

Male. Longueur sans soies apicales de 1188 & 1421 jx ; largeur de 
332 k 375 p,. Furca & branches paralleles ou legerement divergentes. 
Sixieme patte rudimentaire composee d’une epine ventrale forte mais 
courte, d’une soie m6diane plus longue et d’une soie dorso-externe qui 
est l’appendice le plus long. 

Habitat. —Bender Gaz, port de mer du departement du Gorgan 
(Ast6rabad) : (1) Marais pres du bord de la mer, 2 et quelques 9? 
4 premiere antenne k 14 articles. (2) Mare d’eau de pluie pres de la 
voie ferree, 1 <$ et 1 9 k premiere antenne k 16 articles. (3) Marccagc 
situe entre la ville et la mer, 1^ et quelques 99 & premiere antenne a 17 
articles. 


Mesocyclops (Thermocyclops) tinctus Lindberg. 

En 1937 j’ai recolte k Ellora (Etat de Hadeirabad) une femelle unique, 
qui, en tant qu’il s’agissait d’un animal de provenance indienne, avait 
un aspect tout k fait inusitA M’ayant semble avoir l’habitus general 
d’un petit C. strenuus , j’en avais remis l’examen jusqu’au jour qu’il me 
serait possible d’6tudier un materiel suffisant d’autres specimens du 
meme groupe. En examinant cette annee le petit animal en question 
j ’ai k ma surprise trouve qu’il ne s’agissait d’aucune fayond’un membre 
du groupe strenuus, mais bien d’un Thermocyclops , et qu’elle offrait une 
structure si semblable k celle de l’espece persane M. (Th.) tinctus Lind¬ 
berg, que je crois necessaire de l’identifier avoc cette forme. Comme le 



Fig. 4 .—Mesocyclops ( Thermocyclops) tinctus Lindberg 9- 
a. Configuration g6n6rale. b. Segment genital c . Furca. d. Premiere antenne. 
c. Article 3 do 1’endopodite de P 4. 


M. (Th.) tinctus n’a jamais 6t6 rapports de I’lnde, il semble intSressant 
de donner ici quelques mensurations et des figures de l’animal d’Ellora. 
Elle a 6t6 pech6e au mois de d^cembre dans une des citernes des grottes 
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de cette locality et il convient de rappeler qu’en Iran j’ai trouv6 cette 
esp&ce plusieurs fois dans dcs habitats de ce meme genre. 

Description .—Longueur 94 J p (ceplialothorax 675, queue 266 (jl) ; 
largeur 333 p. Ailes laterales des bords posterieurs des quatrieme 
et cinquieme segments thoraciques pourvues de petites excroissances 
irregulieres. Branches de la furca divergentes, 4 bord interne glabre. 
Longueur: largeur (71 -j-32) : 27p— 3*81 : L Soie dorsale 80 p. Soies 
apicales: 83: 267: 367: 122p. Premiere antenne a 17 articles; 
rabattue elle atteignait le milieu du deuxieme segment thoracique. 
Article terminal de l’enp. 4, longueur: largeur 37: 26 p—1-42 : 1; 
opine apicale interne : opine apicale extcrne 53 : 27 p—1.96 : 1. Lamcllc 
basale reunissant la quatrieme paire de pattes munie de chaque cote 
d’une Eminence arrondie portant quelques petites epines. Cinquieme 
patte et receptacle seminal semblables aux parties correspondantes des 
animaux de Plran. Ovisacs petits, ecartes du corps ; ils contenaient 
chacun 4 oeufs. 

IV. 

Cyclops (Mircrocyclops) richardi, sp. nov. 

Description. Petite espece. Longueur (sans soies apicales) 622 
et 646 p ; largueur 228 p (ceplialothorax 399 p, queue 223 p de Pune 
des femelles). Segment genital (-onsiderablement plus long quo large. 
Bord postericur des trois premiers segments abdominaux sans decou- 
pure ; celui du quatrieme segment abdominal porte sur sa face ventrale 
une rangee d’epines assez grosses. Furca courte, a branches paralleles, 



Fla. ft.--Cyclop* {M icrocyclops) richardi , sp. nov. $. 

a. PrtMniere antenne; h. P 5 et segment genital; c. Furea, faeo dorsale; d. 
Kurea, face ventrale (autre specimen) ; e. Lamello basale et endopodito de P 4. 

environ 2 ct demi fois aussi longues quo larges. Soie laterale externe 
divisant la branche de la furca dans la proportion d’environ 70 a 30. 
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Soie apicale interne d^passant en longueur cello de la soie apicale extern© 
(63 : 43 p=l-46: l ; 67: 42 p=l-59: 1). Pennation des soies 

m6dianes legerement h6t6ronyme. Premiere antenne courte, a 12 
articles ; rabattue elle atteint ou depasse legerement le rnillieu du premier 
segment c^phalothoracique. Pattes natatoires a branches bi-articulees ; 
formule des 6pines 3-4-4-3. Article terminal de Pendopodite de P 4 
un peu moins de deux fois aussi long que large. Epine apicale interne 
legerement plus longue que Pepine apicale externe, mais considerable- 
ment plus courte que Particle. Cinquieme patte se r&luisant a un article 
peu allonge, depourvu d’epine et portant une soie ciliee. Soie thora- 
cique assez forte. Receptacle seminal represente sur la figure d’une 
fa$on approximative. Les animaux ne portaient pas de sacs ovig&res. 
Male inconnu. 


Lon¬ 

gueur. 

JJL* 

Furca 

Lon u : larg. 

Furca 

Sole 

dors. 

Furca 

Soies apicales. | 

Knp. 4. Art. 2. 
F.ong. . larg. 

13rip. 4. Art. 2 
K]>. ap. int.: 

<^p. ap. ext. 

Eup. 4 
Lent?: 
art .2 : 

£p. ap. 
int. 

622 

646 

(32 -t-14) : 19-2-42 : 1 

(3314): 17-2-76 : 1 

42 

63 

43 : 194 : 247 : 63 

42 : 204 : 255 : 67 

52 : 27-1-93 : 1 

48 : 25-1-92 : J 

33 : 25-1-32 : 1 

83 : 26 -1-27 : 1 

1-58 : 1 

1-45 : 1 


Habitat.— Une fosse d’eau douce a Lahidjan (Guilan). Deux femelles 
adultes seulement furent recolt6es fin octobre 1939. 

Remarques .—Les traits caracteristiques de cette espece int^ressante 
sont sa petite taille ; un segment genital allonge, a receptacle seminal 
du type varicans ; une furoa courte, a branches paralleles ; la premiere 
antenne de longueur tres reduite, compose© de 12 articles ; un article 
terminal de Pendopodite de P 4 a Opines apicales assez courtes et offrant 
peu de difference de longueur entre elles. Pour autant qiPil me soit 
connu on ne peut rapprocher cette forme d’aucune de celles deja decrites, 
et par consequent elle eat presentee comme une espece nouvelle. Je 
Pai nominee en souvenir de J. Richard. 

Cyclops (Microcyclops) bicolor Sars. 

Pour autant (pie je le sache C. (M.) bicolor n’a ete rapporte de PInde 
que par Sewell, qui Pavait trouve en 1924 au voisinge du lac Tchilka 
sur la c"te nord-est de la peninsule. Dans l’lran il a ete peche par le 
Dr. Buxton a Pahievi en 1921, et par le Dr. Tarnogradsky dans ce raeme 
port en 1928 (identifications de Gurney et de Rylov). Au cours de 
mes recoltes assez nornbreuses en Iran j’ai eu Pimpression qiPil doit y 
etre rare. En effet je ne Pai trouve que dans une seule localite et je 
n’y ai retire qu’ un individu unique, une femelle adulte sans sacs ovigeres. 
Comme elle differe a certains egards de C. (M.) bicolor tel qu’il a et6 
decrit en Europe, quelques notes et des figures semblent necessaires. 

Description. -Longueur (sans soies apicales) 731 p ; largeur 228 p. 
Angles lateraux du bord posterieur du cinquieme segment tlioracique 
reguilierement arrondis. Segment genital plus long que large. Bord 
posterieur du quatrieme segment abdominal portant une rangee de 
petites epines sur la face ventrale. Furca allongee, a branches paralleles 
(longueur : largeur (55+17): 15 p=4-80 : 1). Soie dorsale 33 p. Soies 
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apicales (du dehors au dedans) 32 : 145: X : 70 (ju La soie apicale interne 
est ainsi un peu plus de deux fois aussi longue que la soie apicale externe. 



Fig. 0 .—Cyclops (Microcyclops) bicolor Sars. $>. 

a . Premiere antenne. 6. P 6 et segment genital; c. P 5 et segment genital, face 
lat^rale ; d. Furca, face ventrale; e. Exopodite de P 2 ; /. Exopodite de P 3 ; g. 
Lamelle basale de P 3 ; h. Lamelle basale et ondopodite de P 4. 

Branches des pattes natatoires a deux articles. Formule des 4pines 
3-4-4-3. Epines des exopodites, notamment des P 3 et P 4 fortes, et 
ayant quelque peu un aspect en lancette. Article 2 de l’enp. 4 un peu 
plus de 2 fois aussi long que large. Epine apicale interne plus courte 
que Particle et 3 fois aussi longue que lupine apicale externe, qui est 
recourb4e en dedans. (Article 2 longueur : largeur 43 : 19 2*26 : 1 ; 

4pine apicale interne : 4pine apicale externe 33 : 11 p=3 : 1 ; longueur 
article : 4pine apicale interne 1-30 : 1.) P 5 formee d’un article tr4s 
allong4, environ 4 fois plus long que large. II n’est pas pourvu d’4pine 
et ne montre aucun renflement angulaire de son rebord interne. Recep¬ 
tacle s4minal repr4sent4 approximativement sur la figure. Ovisacs 
pas observes. 

Habitats .—Inde : Lac Tchilka (Sewell). 

Iran : Pahl4vi (Gurney et Rylov). Qazvine, bassin d’un caravan- 
s4rail, nov. 1939. 

Remarques .—Le sp4cimen recolte est remarquable par Paspect en 
lancette des 4pines, surtout des exopodites de P. 2 et P 3. Une structure 
semblable s’observe cependant aussi chez certains individus de C . ( M .) 
UnjanticuSy et ne saurait k elle seule justifier la s4paration de ces animaux 
comme appartenant a des variet4s distinctes. Du reste Particle de P 5 
parait etre d’une longueur insolite chez Punique exemplaire trouv4 
dans PIran. 


Cyclops (Microcyclops) moghulensis Lindberg. 

En 1939 j’ai d4crit d’apres un specimen unique sous le nom de C. ( M .) 
moghulensis un membre du groupe varicans ayant la premidre antenne 
compos4e dc seulement 10 articles. Dans une seule localit4 du Sud de 
PIran j’ai trouv4 une femelle ressemblant beaucoup a cette esp4ce, et, 
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malgr6 certaines divergences, je me crois justifie a identifier l’animal 
iranien avec celui des grottes d’Ellora. La difference principal me 
eemble tenir dans le rapport do longueur entre la soie apicale interne et 
la soie apicale externe de la furca, ces deux soies etant presque de 
longueur egale chez le specimen indien, tandis que l’echantillon de l’lran 
possfede une soie apicale interne considerablement plus longue que la 
soie apicale externe. La concordance entre les deux animaux est tres 
remarquable en ce qui concerne la structure de la premiere antenne. 
Celle-ci n’a que 10 articles distinctes, et chez tous les deux animaux le 
troisi&me article presente une division incomplete du cot6 interne, et 
le quatrieme une 6bauche de division sur la partie externe. Jc donne 
ci-dessous quelques notes et des mensurations avec des gravures du 
specimen de l’lran, ainsi que quelques images nouvelles de l’animal de 
l’lnde pour servir de comparaison. 

Description .—Longueur 798 p, (sans soies apicales). Segment genital 
plus long que large. Bord posterieur du quatrieme segment abdominal 
a rangde de petites epines sur la face ventrale. Furca a branches paral- 
l&les, environ 3 fois aussi longues que larges (longueur : largeur, (43+30) : 



a. Premiere, antenne ; b. P 5 et segment genital ; c. Furoa, face dorsale; 
Lamelle basale et endopodite de P 4. 


d. 


25 p,=2-92: 1). Soie dorsale 43 f x. (Soie dorsale du specimen 
d’Ellora 45 p.). Soies apicales (du dehors au dedans) 52 : 190 : 361 : 
68 p.. Une mention au sujet de la premiere antenne a d6ja et£ faite ; 
elle est remarquablement courte et n’atteint pas le milieu du premier 
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segment cephalothoracique lorsqu’elle est rabattue. Les articles les 
plus longs sont les premier, troisi&me et sixi£me, et les plus courts, les 
deuxieme et huitifone. Article terminal de l’enp. 4 plus de 2 fois aussi 
long que large (67 : 30 { 1 = 2*23 : 1). Epine apicale interne un peu 
moins que 2 fois aussi longue que lupine apicale externe (43 : 24 



a. Premiere antenne; b. Furca, face ventrale; c. Receptacle seminal'; d. 
Exopodite de P 1 (montrant fortes Spines) ; e. Lamelle basale et endopodite de^P 4. 

p,=l*79 : 1). Article terminal de moitie plus long que 1’epine apicale 
interne (67 : 43 p.=l*56 : 1). Article de P5 environ 3 fois aussi long 
que large. 11 presente une tres legere protuberance sur la partie distale 
du rebord interne, un peu au-dela du milieu dtv Particle. Longueur 
de la soie apicale 67 p. ; longueur de la soie thoracique 73 p.. L’aspect 
du receptacle seminal est montre sur la figure. L’animal manquait 
de sacs ovigeres. 

Habitats - Inde : Ellora (Etat de Haiderabad), citerne naturelle, 
decembre 1937. Iran : Behbehan, un reservoir voute souterrain, d’eau 
de pluie. Un seul specimen reColte en fevrier 1940, avec de nombreaux 
E. serrulatus Fischer et quelques M. leuefou ti Claus. 

Remarques.— L’animal de l’lnde et celui de l’lran, dont il a ete 
question dans ses notes, offrent une grande ressemblance avec une forme 
rapportee par le Dr. Ueno de 1‘ile de Formose et decrite par Kiefer en 
1937 sous le nom de C. ( M .) uenoi. Les deux femelles 6tudi4es par 
Kiefer possedaient cependant une premiere antenne formee de 11 articles. 
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THE ORIENTAL TIPULIDAE IN THE COLLECTION OF THE 
INDIAN MUSEUM. PART II. 

By Charlk.s P. Ai.exani>bh, 

Amherst, Massachusetts, U. S. A. 

(Contribution from the Entomological Laboratory, Massachusetts State College.) 

The preceding part under this general title was published in the 
Records of the Indian Museum XXTX, pp. 167-211, 1927. In the pre¬ 
sent instalment I wish to continue the study of the extensive series of 
Tipulidae received during the intervening years through the various 
authorities in charge of the Zoological Survey of India. My deepest 
thanks and appreciation are herewith extended to Dr. B. N. Chopra., 
l)r. Hem Singh Pruthi, Dr. Baini Prashad, Lt.-Col. It. B. S. Sewell 
and Dr. H. A. Hafiz. It is the friendly interest of these men, and of 
the entomologists of the Indian Museum, that has so advanced our 
knowledge of this neglected group of flies in British India. The types 
and uniques will be returned to the Indian Museum ; besides these 
materials, I have included two species received from other sources, but 
paratypes of both of these will be added to the Museum collection. 

During the course of the past several years I have been particularly 
privileged to have had sent to me in America the type-specimens of 
certain of the Brunetti Tipulidae whose strict identity remained in ques ¬ 
tion. Most of such as are discussed in the present paper belong to the 
vast genus Tipula and particularly to those species having marmorate 
wings, considered by Brunetti to be very closely inter-related and to be 
virtually unkeyablc but now known to belong to sections and subgeneia 
different from one another and all clearly definable. In the present 
paper, re-descriptions of several of these doubtful species are given, 
these including Tipula (Aeulipula) princeps Brunetti, T. (Vestiplex) 
himalayensis Brunetti, T. (V.) quasi mar moratipennis Brunetti, T. (V.) 
subtincta Brunetti, T. (Smallpula) tesscllatipennis Brunetti, T. (Oreomyza) 
strialipennis Brunetti and T. (Lunatipula) mar moratipennis Brunetti. 

Preoccupied Names. 

A considerable number of names in Tipulidae have been found to 
be pre-occupied by earlier names in the same genus and substitutes for 
such homonyms are proposed herewith. My thanks are due to Dr. Alan 
Stone, of the United States National Museum, for calling to my atten¬ 
tion certain of these preoccupied names. 

Ctenacroscelis cerbe reanus, nom. nov., for Ctenacroscelis fumipennis 
Brunetti; Tipula fumipennis Brunetti, Rec. Ind. Mus. VI, 
p. 250, 1911; nec Tipula fumipennis Hudson, Manual New 
Zealand Enl., p. 48, 1892. 

Tipula praesesy nom. nov., for Tipula fumipennis Alexander, Ann. 
Ent . Soc. Amer. V, pp. 359, 360, 1912 ; nec Tipula fumipennis 
Hudson, Manual New Zealand Ent., p. 48, 1892 ; nec Tipula 
fumipennis Brunetti, Rec. Ind. Mus . VI, p. 250, 1911. 

f 29 1 
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Tipula lombokensis , nom. nov., for Tipula cinerea Brunetti, Rec. 
Ind. Mus. VI, p. 252, 1911 ; XV, p. 274, 1918; nec Tipula 
cinerea Fabricius, Spec. Ins. II, p. 405, 1781 ; nec Tipula 
cinerea Sfcrobl, Mittheil. Naturwiss. Ver. Steirmark for 1894, 
p. 207, 1895. 

Tipula serrulifera, nom. nov., for Tipula serruhita Lackschewitz, 
Proc. R . Ent. Soc . London (B) V, p. 110, 1936 ; Edwards, Ent. 
Mon. Mag. LXXV, p. 242, J939; nec Tipula serrulata Loew, 
Berl. Ent. Zeitschr. VIII, p. 58, 1864. 

Limonia ( Limonia) flagellaris , nom. nov., for Limonia jlagellata 
Alexander, Bornstem-forschungen II, pp. 38, 39, 1931; nec 
Limonia (Limonia) Jlagellata Edwards, Journ. Fed. Malay 
States Mus. XIV, pp. 68, 69, 1928. 

Limonia (Rhipidia) productina , nom. nov., for Limonia (Rhipidia) 
rostrifera Edwards, /inn. Mag. Nat. Hist. (8) XVII, pp. 352, 
353, 1916 ; nec Limonia (Dicranomyia) rostrifera Osten Sacken, 
Mon. Dipt. N. Amer. IV, p. 65, 1869. 

Limonia (Libnotes) diaphana, nom. nov., for Limonia (Libnotes) 
lutea Edwards, Ann. Mag. Nat. Hist. (8) XVII, p. 357, 1916 ; 
nec Limonia (Dicranomyia) lutea Mcigen, Klass. I, p. 55, 1804. 

Limonia (Libnotes) buruicola , nom. nov., for Limonia (Libnotes) 
subcostalis Edwards, Treubia Vll, pp. 138, 139, 1926; nec 
Limonia (Rhipidia) subcostalis Alexander, Proc. U. S. Nat. 
Mus. LX, pp. 3, 4, 1922. 

Limonia (Libnotes) depicta , nom. nov., for Limonia (Libnotes) affinis 
de Meijere, Nova Guinea IX, p. 308, 1913 ; nec Limonia 
(Dicranomyia) affinis Schummel, Beitr. zur Entomol. I, p. 127, 

- 1829. 

Limonia (Libnotes) musdcola , nom. nov., for Limonia (Libnotes) 
sphagnicola Edwards, Treubia VII, p. 138, 1926 ; nec Limonia 
(Dicranomyia) sphagnicola Alexander, Proc. Boston Soc . Nat. 
Hist. V, pp. 173, 174, 1925. 

Limonia (Libnotes) palaeta, nom. nov., for Limonia (Libnotes) puncti- 
pennis de Meijere, Tijd. voor Ent. LI V, p. 35,1911 ; nec Limonia 
(Dicranomyia) punctipennis Skuse, Proc. Linn. Soc. N. S. W. 
(2) IV, p. 761, 1890. 

Limonia (Libnotes) solicita , nom. nov., for Limonia (Libnotes) 
tripunctata de Meijere, Bijd. tot de Dierkunde, Feest-nummer, 
p. 14, 1919; nec Limonia (Limonia) tripunctata Fabricius, 
Spec. Ins. II, p. 405, 1781. 

Limonia (Dapanoptera) candidata , nom. nov., for Limonia (Dapanop- 
tera) pallida de Meijere, Nova Guinea IX, p. 307, 1913 ; nec 
Limonia (Dicranomyia) pallida Macquart, Dipl. exot. I, pt. 1, 
p. .72, 1838; nec Limonia (Geranomyia) pallida Williston, 
Trans. Ent. Soc. London , p. 284, 1896. 

Limonia (Dapanoptera) meijereuna , nom. nov., for Limonia (Dap¬ 
anoptera) pulchra de Meijere, Tijd. voor Ent. L VIII, p. 103, 
1915 ; nec Limonia (Rhipidia) pulchra de Meijere, Bijd. tot de 
Dierkunde XVII, p. 91, 1904. 
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Gonomyia ( Lipophleps) caherfi pirn rot aeniata, nom. nov., for Gono- 
myia (Lipophleps) calverli pleuroslriata Alexander, Rev. de 
Entomol. X, p. 627, 1939 ; ncc Gonomyia (Gonomyia) nigro- 
dorsata pleuroslriata Alexander, Pror. Linn. Soc. N. S. W. 
LXI, p. 30, 1936. 

Molophilus (Molophilus) tetrodonta, nom. nov., for Molophilus 
tetracanthus Alexander, Proc. Linn. Soc. N. S. W. L1X, p. 183, 
1934; nee Molophilus tetracanthus Alexander, Dipl. Pata¬ 
gonia & S. Chile J, p. 203, 1929. 

Toxorhina (Toxorhina) infumipennis, nom. nov., for Toxorhina 
(Toxorhina) fumipennis Alexander, Puerto Rico Univ. Journ. 
Agric. XX111, p. 100, 1939 ; nee Toxorhina (Cera toe he Hus) fum i - 
pennis Alexander, Proc. Linn. Soc. N. S. W. LXI, p. 337, 
1936. 

Enrico Brunettt and Fred. Wallace Edwards. 

The death of Frederick Wallace Edwards on November 15, 1940, 
at the untimely age of 51, was an incalculable loss to Dipterology. This 
sad occurrence recalls to mind some of the relations that existed be¬ 
tween Edwards and the foremost worker on the Indian Diptera, the late 
Enrico Brunetti. 

As has been indicated by the Director, Dr. Baini Prashad and 
Dr. Ronald Senior-White in their joint obituary account of Brunetti 
(Rec. lnd. Mus. XXIX, pp. 287-296, 1927), this pioneer worker on the 
Dipterous fauna of British India, from the date of his first arrival in 
India in 1904 until his permanent removal from the country in May 
1921, had worked at the Indian Museum for irregular periods only and 
very much of his work at the Museum had been gratuitous. As a partial 
result, the extensive collections that were made by Brunetti himself 
were, in some cases, the property of the Museum but in many other 
instances became the personal property of Brunetti and these latter 
were eventually bequeathed by him to the British Museum (Natural 
History), London. The end result of this arrangement was that a 
considerable proportion of the Brunetti types are preserved in the Indian 
Museum while the somewhat comparable balance is in London. 

The difficulties under which Brunetti worked while in India have 
been detailed by others. It is certain that his work was of a pioneer 
nature and that vast chaos existed when he first began his investigation 
of the Indian Dipterous fauna in 1904. Certain of Brunotti's works 
are models of study and application, as for example, his “ Catalogue 
of Oriental and South Asiatic Nemocera ”, Rec. Ind. Mus. XVII, pp. 1- 
300, 1920. As concerns his strictly taxonomic work, however, the 
fact cannot be ignored that throughout his work on the Tipulidae, at 
least, a considerable number of partly incredible errors have crept in 
and many of the assignments of species to genera are entirely errone¬ 
ous. It is here that the almost incredibly accurate taxonomic eye of 
Edwards came in to unravel what otherwise must have become an almost 
unsolvable mystery. In a letter from Edwards to the writer, dated 
February 16, 1923, he writes: “ For the last week or so I have 
been working with Brunetti at his Tip. types. There have been a good 
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many disappointments, because in very many cases it is not the actual 
types which he lias brought, but only specimens from his series, and 
as these were picked out and labelled hastily, it is evident he has made 
a lot of mistakes in determining his own species. Many of those he 
has brought do not agree with his descriptions, as he himself admits 
when 1 point it out to him. Still he has brought quite a large number 
of the actual types and we have been able to get a great deal of useful 
information from them. One surprise to both of us was that in three 
cases he had omitted to notice that a species possessed white tarsi, 
and other serious omissions in his descriptions are frequent. Many of 
his generic references are utterly and sometimes unaccountably wrong. 
I shall try to get him to write up the results of this critical study when 
we have finished. It would be rather a tall order for me to make so 
many corrections of someone else’s work and I think he ought to do it 
himself as a penance.” 

It is certain that of all persons who have ever concerned themselves 
with the Oriental Tipulidae, Edwards possessed the fullest know¬ 
ledge of the subject. His placing in synonymy of many of the Brunetti 
species may strike some as being drastic but it should never be lost 
sight of that combined with his unparalleled knowledge of the group, he 
was the only student who had such an opportunity to see so many of 
Brunetti’s actual types and authentically named specimens. The fact 
that part of these types are in Calcutta and part in London has made 
it virtually impossible for any other worker to examine all of this mate¬ 
rial. Edwards’ treatment of the Oriental Tipulidae and his systematic 
arrangement of the species, with his synonymy, should be followed by 
all future workers and it seems to the present writer that if errors have 
crept into this revisional work, such must be few' and far between. 

In concluding these brief remarks concerning some of the relations 
existing between Edwards and Brunetti, one further point of interest 
may be noted. Edwards joined the stall of the British Museum 
(Natural History) on November 24, 1910. It was shortly before this 
date that he became engaged to be married (to Miss Florence Mary 
Williams, of Shelford, Cambridge) and, almost coincidentally, was offered 
an appointment as Entomologist to the Indian Museum, a position later 
filled by Dr. Stanley W. Kemp. Family objections to his moving to 
India caused Edwards to give up the idea. One cannot but wonder 
what the present status of our knowledge of the Diptera of British 
India might have been had Edwards removed to India in 1910 and 
devoted his remaining years and unsurpassed talents to a study of the 
subject. 


Subfamily Tipulinae. 

Ctenacroscelis dravidicus Edwards. 

1932. Ctenacroscelis dravidicus, Edwards, Stylops I, p. 146. 

The type, 1 5 was from Kodaikanal, Shola, in the Palni Hills, 
September 15, 1921 (T. B. Fletcher). One further female in the Indian 
Museum from the type-locality, altitude 6,700-7,000 feet, August 
1922 (S. W. Kemp). 
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Ctenacroscelis pallifrons Edwards. 

1932. Ctenacroscelis pallifrons, Edwards, Stylops T, p. 147. 

The type, 1 Regd. No. 3973/TT1, was from Pashok, Darjiling 
District, Eastern Himalayas, May 26-June 14, 1916 (F. H. Gravelyj. 
One further male from the same locality, Pashok Spur (It. S. Lister). 


Ctenacroscelis dives (Brunotti). 

1912. Tipula dives, Brunotti. Fauna Bril. India, Dipt. Neinat., pp. 307, 308. 


The type, a unique £ Hegel. No. 2394/20, was from Kurseong, 
June 23, 1910 (N. Annandale). The following re-description of this type 
is given. 

Male. Length about 25 mm. ; wing 32*5 mm. 

Nasus reduced to a mere stub. Frontal prolongation of head dark 
liver brown. Antennae apparently only 11 -segmented ; first flagellar 
segment long-cylindrical, the second segment about two-thirds this 
length ; fourth to sixth segments with the lower face conspicuously 
protuberant and densely covered with a microscopic grey pubescence ; 
on the succeeding segments the ventral face is less protuberant but 
densely pubescent; terminal segment elongate, nearly twice the penulti¬ 
mate, narrowed gradually to the tip, apparently formed of two seg¬ 
ments. Head behind greyish, the front- and anterior vertex more 
yellow. 

Mesonotal praescutum dark reddish brown, the four dark olive brown 
stripes narrowly margined by still darker brown, restricting the inter¬ 
spaces to narrow lines ; scutum rich brown, each lobe with two olive 
green areas which have a darker narrow border; scutellum and 
mediotergite black, heavily pruinose. Dorso-pleural region with a 
conspicuous orange yellow stripe, beneath which is a broad brown 
longitudinal stripe that is darkest along the dorsal margin, paling ven- 
trally, the ventral pleurites more olive brown ; posterior pleurites and 
pleurotergite clearer yellow. Legs with the coxae pale, sparsely pruinose, 
the base of fore coxae narrowly darkened ; femora yellow, the tips 
broadly dark brown ; tibiae and first two tarsal segments narrowly 
tipped with brown ; terminal tarsal segments darkened ; claws slender, 
each with a basal lobe or shoulder. Halteres dark brown, the base 
of stem narrowly yellow. Wings with a strong yellowish brown tinge, 
the cubital and anal cells somewhat paler ; conspicuous darker brown 
seams along posterior cord, Cu v 2nd A, and somewhat less distinctly 
on the veins beyond cord. Venation : Vein fi l9 approximately its own 
length before the fork of R 1+2 an( l thus forming a fusion of veins 
^ 1 + 2+3 ’> ^ 1+2 straight, slightly furcate at apex in both wings. 

Abdomen brownish black, the hypopygium conspicuously paler. 
Male hypopygium with the ninth tergite long and depressed, the median 
notch deep and narrow. Outer dististyle nearly smooth, pruinose, 
broad at base, narrowed to the obtuse apex. 
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Ctenacroscelis flavoides (Brunetti). 

1918. Tipula flavoides, Brunetti, Rec. hid. Mus. XV, p. 207. 

The types, 1 <£, Kegd. No. 3935/H2, 2 $$, Begd. Nos. 3936-37/H2, 
were from above Tura, Garo Hills, Assam, altitude 3,500*3,900 
feet, September 1917 (Mrs. S. \V. Kemp). The following re-description 
of the types is given. 

Male .—Length about 28 mm.; wing 33 mm. 

General colouration of head and thorax deep orange yellow, the 
praescutal interspaces somewhat darker. Antennae with the scape 
orange, the pedicel brown ; flagellum black ; first flagellar segment 
a little longer than the second, both cylindrical; third flagellar seg¬ 
ment a trifle bulging beneath ; succeeding segments shorter and con¬ 
spicuously protuberant on lower face. Legs with femora yellowish 
brown, the tips darkened ; tibiae and tarsi darker brown. Wings 
relatively long and narrow. Venation about as usual in the genus; 
R j distinctly before fork of R 1 2 and /? 3 , forming a fusion of /J 1+2+3 . 
Abdomen relatively slender, dark velvety brown, including the hypopv- 
gium. Male hypopygium as described by Brunetti, the ninth tergite 
squarely truncated across caudal margin, not at all bilobed, the median 
area of caudal margin a trifle convex, the edge fringed with long yellow 
setae. Outer dististyle relatively short and broad, the apex obtuse. 
One female, a paratype from the type-locality, has the abdomen with 
beautiful iridescent blue reflexions, especially basally. 


Ctenacroscelis serricornis (Brunetti). 

1912. Tipula serricornis, Brunotti, Fauna Bril. India , Dipt. Ncmat., pp. 309 
310. 

1918. Tipula serricornis, Brunetti, Rec. Ind. Mus. XV, pi. viii, fig. 4. 

The types J, liegd. No. 2398/20, $, Regd. No. 2399/20, were from 
Naini Tal, Western Himalayas, May and June 1893, originally from the 
Lucknow Museum, now in the Indian Museum. The following re-des- 
cription of the types is given. 

Male. ---Length about 24*5 mm. ; wing 29 mm. 

Female.- Length about 34 mm. ; wing 33 mm. 

Frontal prolongation of head relatively long, obscure yellow ; nasus 
long and slender. Antennae with scape and pedicel obscure yellow, 
the flagellum more brownish yellow ; flagellar segments beyond the 
first strongly serrate, as described and figured by Brunetti, the ventral 
face of flagellar segments two to ten, inclusive, produced, more evidently 
so on the basal segments, the outer segments more elongate, with the 
serrations less evident; terminal segment elongate, simple. Head pale 
olive ; anterior vertex flat but produced cephalad between the antennal 
bases. 

Pronotum obscure orange. Mesonotal praescutum with the stripes 
greenish grey, each bordered by a slightly paler line, a little more broadly 
so on the lateral stripes; intermediate stripes separated by a slightly 
darker capillary vitta ; posterior interspaces darker than the remainder 
of the ground colour. Pleura striped longitudinally with reddish brown 
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and buffy yellow, the former appearing as a longitudinal stripe extend¬ 
ing from the cervical sclerites, crossing the ventral anepisternum onto 
the pteropleurite where it is much narrower. Legs with the femora 
brown, the outer half gradually darkened ; tibiae and basal segments 
of tarsi somewhat brighter; femoral comb with slender teeth ; tibial 
spurs slender. Wings with a pale brownish tinge, the small stigma a 
trifle darker brown ; radial vein in the prearcular region greatly in- 
crassated, dark brown. Venation (text-lig. IJ>) : Sc x preserved as a 




Trxt-Fio. I .—(Urnarroscelia xerricomis ( Brunotti), typo ; a., details of male hypopy. 
giUin; b., venation. 

stout spur that does not reach costa ; free tip of Sc 2 long ; /2 1 with 
macrotrichia, uniting with iJ 2+3 at the fork ; vein R 1 + 2 entirely pre¬ 
served ; vein iZ 3 strongly arcuated, closely approximated to the sinuous 
R u 5 , strongly narrowing the cell at near midlength ; cell sessile 
or extremely short-petiolate ; cell ht M 2 correspondingly large, m being 
long and obli(pie. 

Abdomen with the basal segments relatively bright fulvous orange, 
the basal tergite and extreme base of the second with a brown sublat¬ 
eral stripe ; subterminal segments (segments seven to nine, with the 
caudal half of six) dark brown, pruinose ; sternites similar, less darkened 
outwardly, the median region pruinose. Male hypopygium not incras- 
sated, relatively short. Ninth tergite (text-fig. la, 9t) short, the caudal 
margin with a broad flattened lobe on either side, the apices obliquely 
obtuse, the median notch very narrow ; lateral lobes densely provided 
with short adpressed brown setae. Basistyle and sternite produced 
eaudad beyond the level of the tergite, as in the genus. Outer disti- 
style flattened, broadest at the base, gradually narrowed to the obtuse 
tip. Ninth sternite with a very acute V-shaped notch, the margins 
sparsely fringed with 'short setae. Eighth sternite unarmed. 

Female . Generally similar to the male. Antennae with flagellar 
segments similarly produced but the serrations a little less distinct. 
Praescutal stripes darker olive brown. Ovipositor with the valves of 
moderate length only, the tergal valves slender, straight; sternal valves 
flattened, their tips acute. 

The flagellar pectinations are more accentuated than in most other 
species of Ctenacroscelis but in other respects the species conforms well 
to the essential characters of the genus. 
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Tipula (Sinotipula) tessellatipennis Brunetti. 

1912. Tipula tessellatipennis , Brunetti, Fauna Brit. India , Dipt. Nemat., pp. 317, 
318, pi. v, fig. 12 (wing). 

The types $, Regd. No. 2423/20, $, Regd. No. 2424/20, were from 
Naini Tal, Kumaon, Western Himalayas, May and June 1893, originally 
from the Lucknow Museum, now in the Indian Museum. The following 
re-description of the types is given. 

Male .—Length about 17 mm.; wing 19 mm. 

Female. Lcngth about 25 mm. ; wing 22 mm. 

Male. Frontal prolongation of head elongate, pale brownish ochre- 
ous ; nasus short and stout; palpi dark brown. Antennae short, if 
bent backward scarcely attaining the wing-root; scape and pedicel 
yellow, flagellum obscure yellow, the basal enlargements of the seg¬ 
ments dark brown : flagellar segments with basal enlargement of 
moderate size, the remainder of segments cylindrical or nearly so, not 
incised ; each segment with about three elongate verticils on dorsal 
surface and two very short stout ones on ventral face. Head pale grey, 
with a relatively broad, pale brown, median vitta, a little expanded in 
front on the low vertical tubercle. 

Mesonotal praescutum clear light grey, with four brown stripes, 
the intermediate pair more olive brown, almost confluent, separated 
only by their narrow darker brown margins ; all praeseutal stripes 
bordered by darker brown ; lateral stripes with the mesal border very 
broad, including approximately one-half the entire width of stripe ; 
besides the four primary stripes, the grey ground colour is invaded by 
paler brown areas that include the centres of the interspaces, the humeral 
region and the broad lateral borders ; the clear grey ground is thus 
restricted to narrow borders to the darker stripes ; scutum light grey, 
each 'lobe with olive brown areas, the larger one behind ; scutellum 
brown, pruinose ; mediotergite relatively short, grey, with a conspicu¬ 
ous median brown line that is not mentioned in the original diagnosis. 
Pleura clear grey, the dorso-pleural membrane more huffy. Halteres 
relatively short, brown, the knob a little darker, with its base slightly 
yellow. Legs with the coxae light grey ; femora brownish yellow, the 
tips rather narrowly but conspicuously dark brown ; tibiae obscure 
yellow, the tips narrowly dark brown; basitarsi obscure brownish 
yellow, soon passing into dark brown, eonoolorous with remainder of 
tarsi. Wings pale brown, tessellated with darker brown and cream 
coloured areas, as figured by Brunetti (loc. cit.). Venation : R 2 very 
short; Z? 1 + 2 very pale, entirely without macrotricliia, not more than 
tow-thirds as long as R v 

Abdominal tergites dark reddish brown, the basal tergites very 
slightly pruinose ; segments four and five with a blackened median, 
spot; a broad conspicuous sublateral black line on either side, extend¬ 
ing from segment two to the end of segment five, the lateral margins 
of the Segments narrowly bufiy ; sternites dark greyish brown, the 
caudal margins of the segments vaguely more reddish ; subterminal 
segments, with the hypopygium, reddish brown. Male hypopygium (text- 
fig. 2b) relatively small, the tergite separate from the sternite except 
on the cephalic fifth. Ninth tergite, 9t , a transversely subquadrate 



1942.] 


C. P. Alexander : Oriental Tipuliilae. 


37 


plate, gently convex, the caudal margin truncated, with a small cylin¬ 
drical lobule on either side of the median line, these connate on their 



Text-fig. 2 .-—Tipula (Sinotipula) tessellatipennis Brunotti, types ; ovipositor; b., 
details of male hypopygium. *• 

basal halves, the tips free and set with microscopic blackened spicules. 
Viewed from the side, these subniediari lobes are strongly decurved, 
bifid at tips. Basistyle small. Outer dististyle, or/, elongate, simple 
in structure, the basal half stonier, the distal half or less more slender. 
Inner dististyle very small and simple in structure. Eighth stcrnite 
unarmed. 

Female. Oenerally similar to the male in most respects. Abdominal 
tergites one to four obscure yellow, the first a trifle more piuinose ; 
succeeding tergites darker ; all tergites with a broad, darker brown, 
sublateral stripe, darker brown outwardly, margined abruptly with 
buflfy ; basal sternites orange yellow, the outer segments more greyish. 
Ovipositor (text-fig. "la) with the genital shield short, and inconspicuous ; 
tergal valves long and slender, with a basal lobe ; valves gently up- 
curved, the tips obtuse, margins smooth. 

Tipula (Acutipula) princeps Brunotti. 

1912. Tipula princeps , Brunotti, Fauna Brit. India , Dipt. Nnnat ., pp. 300, 307. 
1924. Tipula princeps, Edwards, litc. Ind. Mus. XXVI, p. 305. 

1932. Tipula (Acutipula) princeps , Edwards, Sty I ops T, p. 233. 

The types ,J, ltegd. No. 2392/20, $, ltegd. No. 2393/20, were from 
Kurseong, Eastern Himalayas, altitude 4,700-5,000 feet, June 18-19, 
1910 (N. Annandale). The following re-description of the types is 
given. 

Male.-- Length about 24 mm.; wing 29 mm. Fore-leg, femur, 
17*6 mm.; tibia 20-6 mm. ; tarsus about 45 mm. Middle leg, femur, 

19- 5 mm.; tibia 18-6 mm.; tarsus about 56 mm. Hind leg, femur, 

20- 5 mm.; tibia 25-5 mm.; tarsus about 62 mm. 
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Female .—Length about 35 mm.; wing 30 mm.; abdomen 24*5 mm. 

Frontal prolongation of head of moderate length, the nasus long 
and slender. Antennae relatively short; scape and pedicel brownish 
yellow ; succeeding segments dark brown with the apices narrowly 
reddish brown^ the outer segments uniformly darkened; terminal 
segment only about one-third the length of the penultimate and much 
more slender. Head brown, the posterior orbits very narrowly pale. 

Mesonotal praescutum olive brown with four relatively indistinct 
reddish brown stripes ; scutum olive brown. Pleura olive, sparsely 
pollinose. Pronotum and dorsopleural region orange fulvous. Ilalteres 
relatively long and slender, dark brown, the base reddish brown. Legs 
excessively long and slender, as shown by the above measurements ; 
femora reddish brown, the tips infuscated ; tibiae reddish brown; 
tarsi brown, passing into dark brown. Wings pale brown, the base 
and costal region more yellowish brown ; stigma darker brown ; a 
paler brown suffusion in the radial cells and as distinct spots in outer 
end of cell M and just before mid length of cell Cu. 




Tkxt-fio. a. — Tipula (Acutipula) princcps Brunotti ; details of male hypopygium of 
type. 

Abdomen reddish brown, the outer segments dark brown ; a narrow 
dark brown lateral stripe on the tergites, beginning at the base of tergite 
two, widening behind, on the fifth and succeeding segments becoming 
confluent with the dark colour of the segment. Male hypopygium (text- 
fig. 3) with the ninth tergite, 9t , black, relatively tumid, the caudal 
margin produced into a flattened median lobe, the distal third or less 
of winch is divided into two slender parallel lobes the tips of which 
are blackened and microscopically spiculose. Outer dististyle, od , 
widely expanded just beyond base, the outer ventral margin produced 
into a broadly triangular lobe, the style thence narrowed to the slender 
apex. Ninth sternite with a V-shaped notch in which hang two rela¬ 
tively stout dark brown lobes, each bearing at tip a stout brush of 
reddish yellow setae, these brushes decussate on the median line. Caudal 
margin of eighth sternite provided with a dense fringe of golden yellow 
setae, the sublateral ones longer. 

Additional records : Eastern Himalayas, Darjiling District <J, Regd. 
No. 1038/HI, $, Regd. No. 1039/HI, legs incomplete, Soom, June 16, 
1Q14 (¥. H. Gravely); Rakyong, May 28, 1930 (S. L. Hora). 
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Tipula (Vestiplex) mitchelli Edwards. 

1027. Tipula mitchelli Edwards, .4 un . May. Nat. Hist. (9) NX, pp. 220, 230. 

Edwards’ types were from an unknown station in Kashmir, altitude 
11,000-13,000 feet, collected by F. J. Mitchell. 

Additional records : Kashmir, Sonamarg, altitude about 9,000 feet, 
May 17-23, 1921 (Kashmir Survey) ; Indian Museum. Killanmarg, 
altitude 10,000 feet, July 19, 1923 (T. 1 \. Fletcher) ; in writer’s collec¬ 
tion. 

The latter specimen is a metatype received from Edwards and show¬ 
ing the white of the wings even more extensive than in the types, in¬ 
cluding major parts of cells R and R { , the post-stigmal band wider, and 
the white areas in cells M and 2nd A even more extensive. 

Male hypopygium (text-fig. 4) with the ninth tergite, 9t, appearing 
as a flattened, heavily sclerotized saucer, the caudal margin and cephalic 
rim narrowly more blackened than the disk ; caudal border almost 
straight but provided with a series of about a dozen denticles, including 



4 .—Tipula {Vestiplex) mitchelli Edwards ; details of male hypopygium 


a lower median tooth and five or six sharper teeth on either side, arranged 
in a descending series from the submedians to the laterals ; although 
there must be considerable variation in these teeth in different indivi¬ 
duals, nevertheless the general arrangement as described seems to hold. 
The setigerous punctures of the lateral portions of the saucer are very 
distinct. Basistyle not produced into a spine, thus differing from most 
other Oriental species of the subgenus. Both dististyles relatively 
small and simple, the outer style, od, an elongate-oval pale blade, its 
setae pale ; inner style, id, gently arcuated, the obtuse tip more black¬ 
ened, the outer margin elevated into a high rounded compressed crest, 
the whole style with abundant scattered setae. 

Tipula (Vestiplex) subreposita, sp. nov. 

Allied to reposita ; general colouration of mesonotal praescutum 
grey, with four dark blackish grey stripes that are not or scarcely mar¬ 
gined by darker; antennal scape and pedicel clear yellow, flagellar 
segments weakly bicoloured ; a distinct dark median vitta on vertex ; 
thoracic pleura chiefly yellow, restrictedly variegated with brown; 
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femora dark brown, the tips blackened, preceded by an obscure yellow 
subterminal ring ; tibiae dark brown ; wings with a weak brown ground 
colour, variegated by cream-coloured areas, including a post-stigmal fascia 
extending into the base of cell M 3 ; Rs about two and one-half times 
m-cu ; abdominal tergites black, the basal segment more reddish ; 
male hypopygium with the tergite entirely pale, the caudal margin 
broadly and evenly emarginate, without blackened points ; basistyle 
produced into a very powerful spine ; outer dististyle a blackened 
clavate blade ; rostral prolongation of inner dististyle narrow, before 
apex with an acute spinous point. 

Male. —Length about 1G mm.; wing 17*5 mm. ; antenna about 
4-4 mm. 

Frontal prolongation of head yellow, narrowly darkened on sides ; 
nasus similarly yellow, distinct; palpi with basal segments yellowish 
brown, the relatively short terminal segment (dearer brown. Antennae 
relatively short; scape and pedicel clear yellow ; first flagellar seg¬ 
ment brown, succeeding segments dark brown to bfownish black basally, 
the remainder medium brown ; flagellar segments moderately incised ; 
verticils subequal to or a trifle exceeding the segments ; terminal seg¬ 
ment reduced to a tiny thimble. Head light cinnamon brown, the 
surface sparsely pruinose, with a distinct, median, dark brown vitta 
extending from the low vertical tubercle almost to the occiput. 

Pronotum brownish yellow. Mesonotal praescutum with the ground 
colour grey, with four dark blackish grey stripes, the mesal edges of the 
intermediate pair very narrowly bordered by still darker, the remainder 
of stripes not or scarcely margined ; humeral region and antero-lateral 
portions of praescutum yellow ; interspaces of the ground colour, with 
numerous yellow setae ; median region of scutum grey, more brownish 
al the suture, the lobes grey, each with two blackish grey areas ; scutel- 
lum chiefly infuscated, the parascutella paler; mediotergite obscure 
brownish yellow, the posterior third more darkened. Pleura chiefly 
yellow, including the dorsopleural region, the anepisternum, ventral 
sternopleurite and ventral meron more infuscated. Ilalteres with stem 
yellow, knob dark brown, the apex again paler. Legs with the coxae 
obscure yellow, with long abundant setae : trochanters yellow ; femora 
dark brown, the bases brightened, tip black, preceded by a conspicuous, 
obscure yellow ring that is about two-thirds as extensive as the blackened 
tip ; tibiae dark brown ; tarsi black. Wings with a weak brownish 
tinge, variegated by more cream-coloured areas, including a more or 
less distinct band beyond arculus, almost crossing the wing ; q prestig- 
mal area in cell R x ; a poststigmal fascia extending from costa through 
cell 1st Mo into the base of cell M ;J ; a conspicuous oval area at three- 
fourths the length of cell M ; wing-tip beyond the poststigmal band 
uniformly of the ground ; stigma oval, darker brown ; prearcular field 
clearer yellow ; cells C and Sc yellow ; veins brown. Venation : Rs 
long, about two and one-half times m-cu ; tip of R Xi 2 pale but entire, 
without trichia ; petiole of cell M x one-half longer than m. 

First abdominal tergite and extreme base of second reddish, the 
succeeding tergites black ; basal sternites reddish brown, passing into 
black on outer segments. Male hypopygium (text-fig. 5) with the tergite, 
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9t, entirely pale, the caudal margin broadly and evenly emarginate, 
apparently with no ventral lobes or blades and thus entirely unarmed 



Tkxt-kicj. 5. —Tipvtn {Vt^tlphx) suhreposila , sp. nov.; male hypopygium, typr. 

except for abundant setae. Basistyle, h. produced caudad into an 
unusually strong and powerful spine, broad-based, the acute tip narrow¬ 
ly blackened. Outer dististyle, od, a simple flattened davate blackened 
blade, its setae relatively short and sparse. Inner dististyle. id, of 
normal form, the rostral prolongation long, its tip obtuse, before apex 
with an acute spinous point (not shown in figure). Aodeagus short and 
stout, the penis slender. 

Habitat. —-Tndia. 

Holotype , Sureil, Mangpu, Darjiling District, Eastern Himalayas, 

altitude 5,000 feet, April-May 1917 (S. W. Kemp). 

The nearest ally of the present fly is Tipala (Vestiplex) repnsita 
Walker (brevis Brunotti) of which 1 have a wing available for com¬ 
parison. In this latter species, Rs and R, 1{ are shorter and there 
are very definite pale areas in the outer ends of cells 1st A and 2ml A. 
Edwards (Rrc. Ind. Mus. XXVI, p. .‘307, 1924) is responsible for the 
synonymy as given above. He further indicates that the species has 
the dististyle of very peculiar shape which is not the case in the present 

fly- 


Tipula (Vestiplex) himalayensis Brunetti. 

1911. Tipula himalayensis , Brunotti, Rcc. Ind. Mus. VI, p. 252. 

Leclotype, <$ Regd. No. 2407/20, Darjiling, Eastern Himalayas, 
altitude 0,000 feet, September 29, 1908 (K. Brunetti) ; in Indian Museum. 
This is the same as determined by Alexander, Brunetti and Edwards 
and evidently represents the true himalayensis. 

Male hypopygium with the ninth tergite very small, largely con¬ 
cealed beneath the eighth tergite, the caudal margin deeply eniarginate. 
Outer dististyle a flattened blackened lobe. Basistyle complete, the 
outer end produced caudad into a long point, the ventral margin with 
yellow setae. Eighth sternite unarmed. 
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Tipula (Vestiplex) subtincta Brunetti. 

1912. Tipula subtincta, Brunetti, Fauna Brit. India, Dipt. Nc.mat., p. 326, 
pi. vi, fig. 18 (genitalia). 

Described from various stations in the Eastern and Western Hima¬ 
layas and in the Khasi Hills, Assam. The following records of the 
species are available : 

rj, Regd. No. 2477/20, Darjiling, Eastern Himalayas, altitude 7,000 
feet, May 8, 1917 (E. Brunetti); Shamdang, Sikkim, altitude about‘3,000 
feet, September 7. 1909 (Indian Museum Collector), in poor condition; 
Above Tura, Garo Hills, Assam, altitude 3,500-3,900 feet, September 
1917 (Mrs. Kemp) ; Cherrapunjee, Assam, altitude 4,400 feet, October 
2-8, 1914 (S. W. Kemp). 

Are-description of the types is given below. 

Male.- Length about 15- 17 mm. ; wing 19 —22 mm. ; antenna 
about 3*3 —3*0 mm. 

Frontal prolongation of head obscure yellow above, somewhat darker 
on sides ; nasus distinct * palpi yellowish brown to obscure yellow. 
Antennae with basal three segments yellow ; succeeding segments dark 
brown, the distal ends of segments narrowly pale to produce a weak 
bicoloured appearance ; beyond the fourth or fifth flagellar segment, 
the organ becomes uniformly dark brown ; verticils very long and con¬ 
spicuous. Head yellow, with a central villa and the posterior borders 
of eyes darker brown. 

Pronotum obscure yellow, variegated with darker. Mesonotal 
praescutum with ground colour light brown or yellowish brown, with 
four dark brown stripes that arc narrowly bordered by darker brown, 
especially the intermediate stripes and the mesal edges of the lateral 
pair ; scutum obscure brownish yellow, each lobe with two dark brown 
areas; posterior selerites of mesonotum yellow, the scute]lum and 
mediotergite with a narrow, dark brown, central vitta. Pleura yellow, 
the -anepisternum, sternopleurite and ventral meron variegated with 
more brown areas ; ventral pleurotorgite with a paler yellow r pollino- 
sity. Halteres yellow, the base of knob dark brown. Legs with the 
coxae pale, sparsely pruinose ; trochanters obscure yellow; femora 
brownish black, restrictedly brightened at bases ; tibiae and tarsi dark 
brown to browmish black : legs very long and slender, especially the 
tarsi (middle leg, femur, 14 mm. ; tibia, 16 mm. ; tarsus, 37 mm.). 
Wings relatively narrow, with a conspicuous basal petiole ; ground colour 
pale brown, very sparsely variegated by darker brown and whitish sub- 
hvaline areas, the darker markings including a restricted post-arcular 
darkening ; small areas at origin of Rs, along cord, a wash along mid¬ 
length of outer radial cells, and a seam along vein (hi; wing tip and 
outer medial field somewhat paler brow n ; outer half of cell M weakly 
darkened, enclosing a restricted pale area about three-fourths the 
length of,cell; cell C uniformly brownish yellow', cell Sc darker brown ; 
veins brown, paler in the obliterative portions. Venation : Rs long, 
nearly two and one-half times m-cii ; m-cu shortly before fork of Af 3+4 . 

Abdomen relatively short and stout; tergites brown medially, 
more reddish on either side, sublaterally with a narrow^ brownish black 
streak, the actual lateral border yellow : fifth and succeeding segments 
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more uniformly dark brown to black, only the lateral borders pale; 
sternites reddish brown, the outer segments darker, with very narrow 
yellow posterior margins; hypopygium black. Male liypopygium 
(text-fig. 6) with the tergite, 9t , not separated from the sternite ; basi- 
style, l>, completely separated by a suture. Ninth tergite narrow, the 
caudal border with two finger-like fleshy lobes separated by a broad U- 



lEXT-Fifi. (>.—Tipula (Yrsliphr) suhtincta Brunotti; male hypopygium, details. 


shaped notch, provided with short abundant setulae ; dorsal surface of 
tergite with long erect setae ; submedially on ventral face the tergite is 
produced caudad into two compressed blackened plates that lie parallel 
to one another, their margins microscopically roughened, Basistyle, b, 
at apex produced into two subequal short black spines lying side by 
side ; in the Sikkim specimen, the outermost of these spines is longer 
and more slender, nearly twice the inner spine. At base of inner disti- 
style and the spines of the basistylc a conspicuous elongate pale rod 
that is gently curved, the acute tip narrowly blackened, the outer 
margin with a series of very long pale setae. Ventral median region 
of ninth sternite produced into an obtuse darkened lobe, directed ven¬ 
tral arid slightly caudal. Outer dististvle, od, long and slender, 
narrowly spatulate oil outer half, provided with long erect setae inner 
dististyle conspicuous, its face with an erect setiferous lobe. Penis 
very stout and conspicuous. Eighth sternite, <V,s\ with margin straight 
and simple, not modified by lobes or hair pencils. 

The only described species with which suhtincta requires comparison 
is Tipula (Vestiplex) quasintannoratipcnnis Brunetti, the type of which 
came from Darjiling ; the species evidently being on the wing in 
spring (May). As indicated elsewhere in this paper, J am not entirely 
certain that the second female of quasiwar moratipemiis , a para type 
from Kurseong collected in September, is identical with the actual type. 
Edwards (Rcc. Jnd. Mus. XXVI, p. 305, 1924) who saw the type of this 
fly in Brunetti’s collection believed that it was identical with the For¬ 
mosan T. (F.) biserra Edwards. If this is indeed the case, 1 do not 
believe that subtincta is very close to quasi mar mo rati fminis since it 
differs conspicuously in the pattern of the antennae, legs and body. 
Both Edwards and Brunetti describe their species as having three 
praescutal stripes instead of the four in the present fly but the paratype 
of quasimarmoratipennis above mentioned has four such stripes. Brunetti 
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(Rec. hid . Mus. XV, p. 262, 1918) records six further specimens of 
quasimarmorotijminis from the Garo Hills, Assam, with exactly the 
same data as one of the present snhtineta records. Whether both sub - 
tincta and quasimarmoratipcmvis are included in such material remains 
in question. It should be noted that the presence of two spines on 
each basistyle of the male hypopygium of subtincta provides an almost 
unique character for the separation of the species from the other numer¬ 
ous regional forms of Vestiplex having the basistyle unarmed or with a 
single such spine. 

Tipula (Vestiplex) distifurca, sp. nov. 

General colouration yellow or greyish yellow, the praescutum with 
four very conspicuous brown stripes that are narrowly bordered by 
darker ; head, scutellum and mediotergite with a capillary brown central 
vitta ; femora dark brown with a narrow yellow subterminal ring ; wings 
with a long basal petiole, pale brown, variegated with cream-coloured 
areas, including a posr-stigmal band ; abdomen reddish yellow basally, 
the tergites with three narrow brown stripes, much broader and more 
conspicuous in female ; outer segments, including genitalia of both 
sexes, black ; male hypopygium with the spine of basistyle very small, 
the outer mesal angle further produced into a stouter arm ; basistyle 
bearing a long pale arm that splits at apex into two acute spines ; ovi¬ 
positor with serrate cerei. 

Male. —Length about 13-14 mm.; wing 17-18 mm.; antenna 
about 5 mm. 

Female. Length about 19 mm. ; wing 17 mm. 

Frontal prolongation of head yellow pollinoso over a darkened 
ground ; nasu* elongate : palpi with basal segments obscure brownish 
yellow, terminal segment black. Antennae of moderate length ; scape 
and pedicel yellow ; first flagellar segment brownish yellow, succeeding 
segments black, the incisures but especially the apices of the segments 
vaguely pale; outer segments uniformly blackened ; flagellar seg¬ 
ments moderately incised ; longest verticils nearly equal in length to 
the segments. Head obscure greyish yellow with a narrow dark brown 
median line. 

Pronotum brown, yellow pollinose. Mesonotal praescutum greyish 
yellow, with four narrow brown stripes that are very distinct against 
the ground, the stripes more or less bordered by darker brown, the 
mesal edges of the intermediate pair involving the cephalic portion of 
the median interspace ; cephalic ends of intermediate dark stripes a 
little paler ; scutum greyish yellow, each lobe with two conspicuous 
dark brown areas, the more posterior one longer ; outer posterior portion 
of each scutal lobe restrictedly darkened ; posterior sclerites of notum 
obscure yellow, with a continuous median brown vitta that is some¬ 
what narrower on the scutellum. Pleura almost uniform yellow, with¬ 
out distinct markings. Halteres with stem yellow, knob dark brown. 
Legs with coxae and trochanters yellow ; femora narrowly yellow at 
bases, the remainder dark brown ^rith a narrow yellow subterminal 
ring before the broader black apex ; tibiae and tarsi brownish black to 
black. Wings (text-fig. 7a) with a long basal petiole; ground colour 
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pale brown, variegated with cream-coloured areas, including a post- 
stigmal band from C to cell R -; numerous smaller pale areas in cells 



Tkxt-fio. 7 .—Tijmla ( Vestiplcx) distifurca, sp. nov; a venation ; b. 9 male hypopy- 
gium. 

before cord, the largest in R v near outer end of cell M , a common area 
near bases of cells R and M, and across the bases of cells Cu to 2nd A , 
inclusive ; cell Sc uniformly dark brown ; obliterative areas across 
cell 1st M 2 from the extreme outer end of cell R into the base of cell 
; veins brown, not markedly different in colour in the pale areas 
Venation : R { , 2 distinct; m-cu a short distance before fork of 

Abdomen with basal four segments reddish yellow, the fifth and 
succeeding segments black ; in male with a median dark stripe on ter- 
gites, widest on first segment and base of second, thence narrowed and 
indistinct to almost obliterated ; lateral borders of tergites restrictedly 
grey ; fifth tergite more reddish brown basally and sublaterally ; ster- 
nites with a more or less distinct median brown vitta. In female the 
basal seven tergites yellow with a broad, continuous, median, black 
vitta, with indications of a much narrower and less distinct sublateral 
stripe ; lateral tergal borders narrowly grey ; genital shield brownish 
black ; ovipositor with cerci long and slender, brownish black, the 
lateral teeth small but numerous. Male hypopygiuin (text-fig. 7 b) with 
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the dorsal lobes of tcrgitc, 9t , pale, gently divergent, narrowly obtuse 
and tufted with long setae at tips ; immediately ventrad of these lobes 
are slightly broader, more blackened lobes, their apices obliquely trun¬ 
cate. Basistyle, b , with apex terminating in a small black spine, the 
mesal-caudal portion of style further produced into a strong arm that 
is directed mesad, its outer angle further produced into a curved black 
spine ; from near the bases of the dististyles arises a long conspicuous 
arm that is split at apex into two powerful spines. Dististyles as figured, 
the outer, od, elongate-clavate, pale ; inner style, id, with the rostral 
portion blackened, relatively narrow. 

Habitat. —India (Punjab). 

Holotype , round about Hurst Cottage, Bakrota Hill, Dalhousie, 
altitude 7,000 feet, May-June, 1927 (S. L. Hora). Allotopotype , $. 
Paratopotypes , 4 ( jYj\ with the types. 

The nearest relative of the present fly seems unquestionably to be 
Tipula ( Vestiplex) subtincta Brunotti, which differs conspicuously in the 
hypopygial structures, as the simple pale arm and entirely different 
apical spines of the basistyle. The pale subterminal femoral ring is 
more like the otherwise quite distinct T. ( V.) himalayensis Brunetti 
and differs from other relatives that are actually closer, as subtincta 
and T. (I 7 .) quasimarmoratipennis Brunetti. 

Tipula (Vestiplex) quasimarmoratipennis Brunetti. 

1912. Tipula quasimarmoratipennis , Urunctti, Fauna Brit. India , Dipt. Nemat ., 
])p. 320, 321, pi. v, %. 14 (wing). 

The type, Regd. No. 2427/20, was from Darjiling, May 23, 1910, 
collected by Brunetti, and has not been seen by the present writer. 
A paratype, Q, Regd. No. 2428/20, collected at Kurseong in the Eastern 
Himalayas, altitude 5,000 feet, September 9, 1909, by N. Annandale, has 
been reexamined, but as indicated under the discussion of subtincta , 
is doubtfully conspecific with the type. This paratype may be 
re-described as follows : 

Female. - Length about 23 mm. ; wing 20 mm. 

Frontal prolongation of head ochreous above, darker laterally, the 
stout nasus brownish ochreous ; palpi dark brown. Antennae short; 
scape and pedicel obscure yellow ; first flagellar segment fulvous yellow ; 
succeeding flagellar segments weakly bicoloured, the basal enlargement 
of the segments brownish black, the apical portions paler brown ; outer 
segments more uniformly darkened. Head buffy, with a broad, con¬ 
spicuous, dark brown, median line extending from the anterior end of 
the vertical tubercle to the occiput. 

Mesonotal praescutum obscure yellow, with four brown stripes, the 
intermediate pair narrowly margined internally with dark brown; 
lateral stripes greyish brown, the mesal margin broadly darker brown ; 
scutum obscure brownish yellow, each lobe with two separated, darker 
brown areas ; scutellum and postnotum brown, the former brighter at 
base ; an interrupted brown median line. Pleura discoloured, the kata- 
pleurotergite silken olive grey. Halteres pale brown, the base of stem 
brighter, knob darker brown with paler tips. Legs with the coxae 
brownish ochreous; trochanters pale brown ; femora brownish yellow, 
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the tips narrowly but distinctly dark brown ; tibiae light brown, the 
tips dark brown ; tarsi passing into dark brown. Wings with pattern 
as figured by Brunetti (loc. cit.j but the venation slightly different: Distal 
section of 72 2 straight; R z elongate, at tip deflected caudad so cell R 2 
at margin is extensive, about one-third wider than cell R%. Veins, 
excepting C, Sc and R, apparently destitute of macrotrichia. 



Text-fiu. 8.— Tipula ( Vestiplex) quasi marmorntipen n is Brunotti; ovipositor. 

Abdomen of moderate length only ; tergites obscure yellow, with 
conspicuous dark brown median and sublateral stripes, the extreme 
margins of the tergites narrowly pale ; sternites obscure yellow, a little 
darker medially. Ovipositor (text-fig. 8) with the elongate ceroi slender, 
their outer margins serrate on distal two-thirds ; hypovalvae rudi¬ 
mentary. 


Tipula (Tipulodina) simillima Brunetti. 

1918. Tipula simillima , Brunetti, Rcc. Ind. Mas. XV, p. 265. 

The type, Regd. No. 6841/HI, was from Castle Rock, North 
Kanara District, on the Ooa Frontier, western coast of Bombay Presi¬ 
dency, collected October 11-20, 1916, by S. W. Kemp. Are-description 
of the type is given below. 

Male.— Length about 17 mm. ; wing about 17 mm. (Brunetti 
gives the length as 12-13 mm. but this is far too little). 

Antennae very short, if bent backward ending far before the wing- 
root ; scape pale yellow at base, the apex darkened ; pedicel obscure 
yellow ; flagellum brownish black. Anterior vertex produced into a 
very slender, acute, median tubercle. 

Fore and middle legs with the pale subapical ring of femur about 
twice as wide as the dark apex ; on posterior femora the yellow ring 
greatly reduced, scarcely one-half as extensive as the blackened apex ; 
fore and middle tibiae with only the subapical white rings, these broad, 
nearly apical in position, only the extreme tip of the segment blackened ; 
posterior tibiae with this ring a trifle wider, together with a subb&sal 
white ring shortly beyond proximal end of segment; basitarsi black, 
the tips broadly whitened, narrowest on fore legs where it includes less 
than the distal third, widest on posterior legs where about the distal 
two-fifths is included ; second tarsal segment broadly blackened at 
base, most extensive on the fore legs where about the basal half is 
included, narrowest on fhe posterior legs where only the extreme base 
is blackened ; fore legs with tarsal segment three dark basally, paler 
distally ; remainder of tarsi whife, the terminal two segments blackened. 
Wings hyaline, iridescent; brown pattern restricted ; wing apex includ¬ 
ing outer ends of cells i? 2 , R 3 and R ?i , together with the extreme cephalic 
margin of M x ; stigma small, confluent with a small cloud on anterior 

h 2 



48 Records of the Indian Museum . [Vol. XLIV, 

cord ; m-cu and distal section of Cu L narrowly bordered with brown ; 
no dark marking in cell M. 

Male hypopygium with the ninth tergite dark grey, transverse, the 
caudal margin broadly emarginate, fringed with dark setae. Hypopy¬ 
gium entirely blackened ; suture between tergite and sternitc incom¬ 
plete ; eighth tergite telescoped beneath the seventh ; seventh and 
eighth sternites with conspicuous yellow setae. Inner dististyle pro¬ 
foundly bifid, both arms blackened, more or less setiferous. 

Three males were sent to me for study by the Indian Museum in 
1928, presumably the three specimens mentioned in the original diag¬ 
nosis. However, I have a still additional male, received by exchange 
with Edwards, bearing exactly the same data and agreeing entirely 
with the type. 


Tipula (Oreomyza) striatipennis Brunetti. 

1912. Tipula striati^ *nnis , Brunetti, Fauna Brit. India , Dipt. Nemat., pp. .‘125, 
326, pi. v, iig. 16 (wing). 

The type, 9> Regd. No. 2432/20, was from Kurseong, Eastern 
Himalayas, altitude 5,000 feet, collected July 6, 1908, by N. Annandale. 
Edwards (Rec. Ind . Mus . XXVI, p. 305, 1924) believed that the species 
was identical with Tipula (Oreomyza) quadrifasciata Matsumura [Thou¬ 
sand Insects Japan , Addit. TT, p. 460, pi. xxv, fig. 3 (wing and body), 
1916] but in my opinion the two species are entirely distinct, as will 
be shown by the following comparison. 

A re-description of type is given below. 

Females. —Length about 11-11-5 mm. ; wing 10*6 mm. 

Frontal prolongation of head, including the nasus, brownish black ? 
palpi black. Antennae with scape and pedicel light brown ; first flag¬ 
ellar segment black, its tip reddish brown ; succeeding flagellar seg¬ 
ments bright reddish brown, only the terminal segments becoming 
darker brown. Head dark grey, with a capillary brown median vitta 
and numerous dark setigerous punctures. 

Mesonotal praescutum yellowish grey, with three brown stripes, the 
median one broad in front and here indistinctly divided by a dull grey 
area ; scutum and scutelluni grey, with a continuous, capillary, brown, 
median vitta ; scutal lobes each with two confluent brown spots ; post- 
uotum brownish grey. Pleura dark grey, with a relatively indistinct 
longitudinal paler stripe. Halteres obscure yellow, the knobs brown. 
Legs brownish black, the femoral bases only very narrowly and vaguely 
brightened. Wings whitish subhyaline, quadrivittate with brown, 
almost as figured by Brunetti (loc. cit.). Distal section of /? 1+2 atrophied, 
leaving only a minute spur. 

Abdominal tergites brownish yellow, the outer segments darker 
brown, the caudal and sublateral margins of the segments dark, the 
extreme caudo-lateral portions of the tergites restrictedly pale ; outer 
sternites chiefly darkened. Ovipositor with the elongate cerci slender, 
chestnut to horn coloured ; margins smooth. 
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Tipula (Oreomyza) quadrifasciata Matsumura. 

1918. Tipula aluco , Alexander, Journ. X. Y. Ent. Soc. XXVI, pp. 70, 71. 

Tlie types of aluco are preserved in alcohol which has changed the 
colour of the pruinosity. The following description was made from 
freshly preserved dry females. It may he noted that the measurements 
given by Matsumura for his species are too great. I have paratypes 
of quadrifasciata from Kyoto, Japan, kindly presented to me by 
Dr. Akio Nohira who discovered the species. 

Frontal prolongation of head longer, clear light grey above, the 
nasus conspicuous, light yellow ; palpi dark brown. Antennae with 
the scape, pedicel and first flagellar segment yellow, the remaining 
flagellar segments dark brown. In the male the flagellum weakly 
bicoloured, the basal enlargements of the segments a little darker than 
the apical portions. 

Praescutal interspaces with the brown setigerous punctures much 
larger and more conspicuous than in striatipennis ; median brown line 
oil scutum and scutellum obsolete or nearly so. Pleura clear light 
grey. Wings with the brown bands narrower, that at origin of Rs 
only about one-half as wide as the preceding white band. Venation : 
Cell 1st M 2 small, pentagonal, the longest face being the second section 
of M 14 o, the next being the basal section of which is longer than 
Af 31 . 4 , m shortest. In stria tipennis A/ 3I 4 longer than J/ 3 , as iigured 
by Brunetti. 

Abdominal tergites obscure yellow with a conspicuous dorso-median 
dark brown stripe that is broader behind ; caudal margins of the sub¬ 
terminal segments narrowly pale. Ovipositor with the genital shield 
shiny chestnut brown, the elongate cerci blackened. 

Tripula (Lunatipula) marnioratipennis Brunetti. 

1912. Tipula mannoratipennis , Brunotti, Fauna Brit. India , Dipt. Xcmat ., 
pp. 319-320, pi. v, tip. 13 (wing). 

The liolotype, $, Regd. No. 2425/20, was from Darjiling, 
Eastern Himalayas, altitude 7,000 feet, May 24, 1910 (not April, as 
stated by Brunetti), collected by E. Brunetti. A paratype, $, Regd. 
No. 242(5/20, likewise from Darjiling, taken August 7, 1909, by 0. Paiva. 
Both types were studied. The re-description follows. 

Female. —Length about 10 mm. ; wing 22 mm. 

Frontal prolongation of head obscure yellow above, with a vague 
median brown line, the sides darker ; nasus short and stout; palpi 
brown, the outer segments passing into orange. Antennae short, obscure 
yellow ; flagellar segments obscure fulvous, their bases scarcely darken¬ 
ed. Head light ochreous, the vertical tubercle whitened ; vertex with 
a narrow dark brown median vitta, widened in front. 

Mesonotal praescutum yellowish grey with four olive brown stripes 
that are narrowly margined with darker brown, the lateral stripes more 
conspicuously darkened along the mesal margin; interspaces with 
numerous pale erect setae, the punctures inconspicuous ; pseudosutural 
foveae small, circular ; scutum grey, each lobe with two confluent olive 
brown areas, the triangular posterior one larger ; scutellum and medio- 
tergite yellowish grey with a continuous median brown vitta ; para- 
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scutella dark, smooth. Pleura pruinose With grey and pale olive. Halte- 
tfes obscure yellow, the knobs dark brown with orange apices. Legs 
With the coxae pale olive grey ; trochanters reddish brown ; femora 
obscure yellow, the tips narrowly brownish black; tibiae and tarsi 
brownish black. Wings pale yellowish, cells C and Sc darker yellow ; 
stigma yellowish brown ; wing surface variegated with grey and pale 
brown; pattern entirely as figured by Brunetti (loc. cit.). Vena¬ 
tion of Brunetti’s figure slightly inaccurate, especially in the shape 



Text-fig. 9 .—Tipvla (Lnnatipvla) marmoratipenwis Brunotti, typo ; ovipositor; 
b. % vonation. 

of cell iZ 2 and the course of vein 72 3 which is strongly arched, cons¬ 
tricting cell JR a so that it is narrowest before in id length (text-fig. 96) 
petiole of cell M x shorter than m. 

Abdomen with tergites one to five inclusive dark orange fulvous, 
trivittate with black, the median stripe interrupted ; sublateral stripes 
more continuous ; segments with silvery grey lateral areas; remainder 
of tergites darker brown, pruinose, more heavily so on segments seven 
to nine ; sternites pale, the basal segments pruinose, the segments with 
a darker brown lateral stripe. Ovipositor (text-fig. 9 a) with the valves 
small and fleshy, the cerci lying side by side, parallel, their margins 
setiferons ; hypovalvae smaller, compressed. 

Related to Tipula (Lunatipula) holoteles Alexander, T. (L.) naviculifer 
Alexander, and T. (L.) shogun Alexander, all of Japan. 

Nephrotoma perhorrida, sp. nov. 

General colouration yellow, the praescutum with three blackish grey 
or plumbeous stripes that are narrowly bordered by velvety black, the 
central stripe entire or nearly so ; antennae black, only the pedicel more 
brownish ; head with a conspicuous T-shaped brown area, the stem 
reaching the occipital brand ; pleura heavily patterned with brownish 
black ; wings with cells before cord strongly infuscated, those beyond 
cord clearer ; abdominal tergites obscure yellow with three broad dark 
brown stripes, the outer segments uniformly blackened ; male hypopy- 
gium very conspicu ous ; basistyle produced caudad into a cylindrica 
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lobe, the ventral margin with unusually long, coarse setae ; eighth 
sternite produced medially into a long tongue-like lobe. 

Male .— Length about 10-11 mm.; wing 9-11 mm.; antenna 3*3- 
3*4 mm. 

Female.- -Length about 13-14 mm.; wing 11-12 mrrt. 

Frontal prolongation of head above black, including the nasus, oil 
sides and beneath yellow ; palpi black. Antennae black, the pedicel 
more brownish ; flagellar segments only moderately incised, the basal 
enlargements relatively small; longest verticils subequal in length to 
the segments, unilaterally arranged, those on opposite face of segment 
reduced to short spinous bristles. Vertical tubercle yellow, with a con¬ 
spicuous median impressed line ; posterior vertex with a T-shaped dark 
mark extending from either eye behind the vertical tubercle, the stem 
extending as a median area to the occiput; occipital brand small and 
ill-delimited in the general darkened area ; head behind with conspicu¬ 
ous black and longer yellow setae. 

Pronotum yellow, the sides conspicuously dark brown. Mesonotal 
praescutum with the ground light yellow, with three blackish grey or 
plumbeous stripes that are narrowly bordered by velvety black, the 
intermediate pair barely indicated by these mesal edges so the central 
stripe is entire or virtually so ; a conspicuous dark brown cloud opposite 
anterior ends of lateral stripes, not quite reaching the lateral border, 
the stripes themselves not outcurved ; scutum with median area and 
extreme lateral portions of lobes yellow, each lobe chiefly covered by a 
blackish grey area that is narrowly bordered by velvety black, the suture 
chiefly dark ; scutellum brownish black, parascutella obscure yellow ; 
mediotergite with a broad dark brown central stripe, wider and darker on 
posterior border ; posterior lateral portions of mediotergite with rela¬ 
tively few but conspicuous coarse black setae ; pleurotergite with kata- 
pleurotergite obscure yellow, just above the halteres bordered by dark 
brown, the anapleurotcrgite more infuscated. Pleura yellow, very 
conspicuously patterned with dark brown or brownish black on the 
anepisternum, ventral sternopleurite, ventral meron, and along the 
suture between anepisternum and ptcropleurite. Halteres with stem 
obscure brownish yellow, knob dark brown, the apex vaguely pale 
yellow. Legs with coxae obscure yellow, more or less infuscated basally, 
especially in front; trochanters yellow ; femora pale brown to yellowish 
brown, the tips weakly darkened ; remainder of legs obscure yellow, the 
terminal tarsal segments passing into black. Wings (text-fig. 1()«) with 
cells before cord rather strongly infuscated, beyond the cord much paler ; 
stigma oval, dark brown ; a distinct, paler brown cloud on anterior 
cord ; veins brown. Stigma with numerous trichia before It 2 ; wing 
dilated in the Anal field. Venation : Rs a little shorter than m-cu ; 
cell M l narrowly to broadly sessile. 

Abdominal tergites obscure yellow, with three broad, dark brown 
stripes, the median one narrowly interrupted at the posterior border of 
the intermediate segments ; sixth and succeeding segments uniformly 
darkened, sternites yellow. Male hypopygium (text-fig. 106) having the 
tergite, 9t , with an upper plate that bears a broad 1.1-shaped notch, the 
lobes densely set with microscopic blackened points, and a lower plate 
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divided into lobes by a shorter and much narrower median notch, the 
truncated margins of the lobes likewise set with points. Basistyle, b, 



Tkxt-pig. 10 .—Nephrotoma perhorrida , sp. nov. ; a., venation ; male hypopy- 
^ium, details. 

conically produced, the apex abruptly prolonged into a cylindrical lobe 
that bears a few chitinized triangular points ; ventral surface of basi¬ 
style with very long, conspicuous yellow setae, the dorsal surface with 
less conspicuous bristles. Outer dististyle, ad , unusually broad, the tip 
obtuse. Inner dististyle, id, with a high dorsal crest; beak slender. 
Eighth sternite, 8s, produced medially into a very long and conspicuous 
liguliform lobe, the apex narrowly obtuse, the surface with abundant- 
long black setae ; subtending shoulders of the lobe likewise with long 
conspicuous setae. 

Habitat. —India (Kliasi Hills). 

Ilolotype , <$, Cherrapunji, altitude 4,000 feet, 1935 (Sircar). 

Allotopotype , $. Paratopotypes , 15 $ $. Paratypes deposited in the 
Indian Museum. 

Nephrotoma perhorrida is very different from all other described 
regional species. The remarkable male hypopygium, especially the 
long-produced basistyle and the elongate liguliform lobe of the eighth 
sternite, will readily separate the fly from other generally similar regional 
forms, as Nephrotoma pleurinotata (Brunetti). 

Subfamily Cylixdrotominae 

Stibadocerella pristina Brunetti, 

1918. Stibadocerella latefureata , Brunetti ( lapsus calami), Rec. Ind. Mus . XV”, 

p. 280. 

1918. Stibadocerella pristina , Brunetti, Ibid., p. 283. 

A paratype, cj, Regd. No. 3967/H2 from above Tura, Garo Hills, 
Assam, altitude 3,500-3,900 feet, July 1917 (S. W. Kemp). 
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Male. —Length about 10 mm.; wing 9-2 mm. ; antenna about 13 
mm. 

Antennae (male) much longer than the body, pale yellow, the outer 
segments of flagellum darker. Body colouration as described by Brunetti. 
Praescutal stripes distinctly separated. Pale ring at base of tibia dis¬ 
tinct ; pale apex of fore tibia relatively wide ( 1*7 mm.), slightly thicken¬ 
ed, the setae similarly white ; fore and middle basitarsi about as long 
as tibia, brown, only the extreme apex of each a little whitened. Wings 
hyaline, the veins black. Venation: ending before r-m, >SV 2 at 

its tip ; second section of Rs a little shorter than the basal section ; 
R 2 +3 oblique ; free tip of Sc 2 and _,_ 2 entirely atrophied ; cell 1st 
M 2 large, roughly rectangular ; tn-cu longer than the distal section of 
Cu Y ; vein Cu 2 evident to opposite m-cu ; vein 1st A long, nearly straight ; 
vein 2nd A very short, opposite the arculus becoming confluent with 
the Anal margin of wing, to all intents and purposes, lacking. 


Subfamily Limoniinae. 

Tribe L1M0NIINL 

Limonia (Limonia) albitarsis (Alexander). 

1915. Dicranomyia albitarsis, Alexander, Proc. V. S. Mat. Muff. XIJX, pp. 

159, 160. 

1916. Dicranomyia tinctipennis , do Meijere, Tijd. v. Ent. LVI1I, Suppl., p. 66. 

A broken specimen, Federated Malay States, Selangor-Pahang 
Boundary, Ginting Bidai, altitude 2,000 feet, April 1917 (0. Boden 
Kloss). 

Limonia ( Doaneomyia ) altilarsis (Edwards) from New Hebrides 
\Ann. Mag. Nat. Hist. (9) XX, p. 233, 1927] was erroneously so printed 
though obviously intended for albitarsis. Since the specific name albi¬ 
tarsis would have been preoccupied in the genus by the present name, 
it seems advisable to retain the misprinted name aliitarsis , even though 
without significance in the instance where used. 

Limonia (Libnotes) greeni (Edwards). 

1928. Libnotes greeni Edwards, Journ. Fed. Malay States Mus. XI V r , pp. 76, 82. 

Metatypes of both sexes from Suduganga, Ceylon, bred October 
21 , 1921 from diseased bark of Hevea (K. Senior-White). Ceylonese 
specimens had been determined by Senior-White and Brunetti (Rec. 
Ind. Mus. XV, pp. 294, 295, 1918) as Limonia (Libnotes) poeciloptera 
(Osten Sacken). 

Limonia (Discobola) sp. prox. annulata (Linnaeus). 

1758. Tipnla annulata , Linnaeus, Syst. Nat., Ed. 10 ; p. 586. 

1824. Limnobia, Argus , Say, Long's Exped. to St. Peter's Hirer , Append. 2, 
p. 358. 

One badly injured specimen of indeterminate sex, Assam, Khasi 
Hills, forest west of dak bungalow, Mawphlong, April 13, 1927 (Gopi 
Ram). Despite its poor condition this specimen is of unusual interest 
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since the subgenus Discobola Os ten Sacken had not before been record¬ 
ed from British India. I feel relatively certain that the specimen 
pertains to annulata. 

L.(D.) annulata has a vast range throughout, the Holarctic Region, 
including northern North America and northern Eurasia as far south 
as the high mountains of the Philippines and Borneo (Kinabalu). From 
Kinabalu, two additional species of the subgenus have been described 
by Edwards. Two further species have been recorded from the Indo- 
Himalayan Region, including western China ; L. (D.) taivaneUa Alexander 
(Mount Omci, Szechwan, altitude 9,000 feet) and L. (D.) armorica 
Edwards, Mss., (Adung Valley, northeast Burma, altitude 12,000 feet). 
The latter fly is most similar to taivaneUa yet amply distinct, being very 
large (wing, male, 12 mm.) and with a distinctive wing pattern, the 
nuclei of the annulata areas being unusually large and dark, almost 
obliterating the inner pale ring of the annulus, such being the condition 
of all costal ocellate markings; furthermore the supplementary brown 
dots are more numerous than in any other regional species, being especial¬ 
ly numerous in cells R { . It, M, 1st (hi, 1st A and 2nd A. The male 
hypopygium agrees somewhat closely with that of taivanella , especially 
in the very conspicuous lateral lobes of the tergite and the long slender 
rostal prolongation of the ventral dististyle. There are distinct differ¬ 
ences in the dorsal dististyle which is longer and more gently curved 
than in taivanella , and in the spines of the rostral prolongation which 
are more widely separated from one another. The more elongate ventro- 
mesal lobe of basistyle, the unexpanded tips of the gonapophyses, and 
the slightly capitate apex of the aedeagus show further minor but 
apparently constant differences for separating armorica from taivanella . 
L. (D.) annulata shows no supplementary brown dots in any of the cells 
of wing and the structure of the male hyj>opygium is entirely distinct. 

, Limonia (Dicranomyia) bhutanica, sp. nov. 

vSize very small (wing, female, 3*5 mm.); general colouration brown, 
the praescutuiu with three more or less confluent, darker brown stripes ; 
antennae brownish black ; flagellar segments oval, all but the three or 
four outer ones with conspicuous apical pedicels ; anterior vertex wide ; 
legs obscure yellow ; wings greyish subhyaline, stigma lacking; Sc x 
ending opposite origin of Rs ; Sc x very long, exceeding Rs in length ; 
cell M 2 open by the atrophy 6f m ; cell 2nd A wide. 

Female. .—Length about 3 mm. ; wing 3*5 mm. 

Rostrum dark brown ; palpi pale brown. Antennae brownish black 
throughout; flagellar segments oval, with conspicuous glabrous apical 
pedicels, especially long, conspicuous and abrupt on the basal segments ; 
distal three or four segments with pedicels short to lacking ; terminal 
segment a very little longer than the penultimate ; verticils long and 
conspicuous, exceeding the segments in length. Head light brown ; 
anterior vertex wide, approximately four limes the diameter of scape; 
ommatidia of eyes relatively coarse. 

Pronotmn and mesonotmn uniformly medium brown, the prae- 
scutum with three more or less confluent darker brown stripes ; posterior 
sclerites of notum destroyed by pinning. Pleura brown, with indica- 
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tions of more blackened areas on pro pleura above the fore coxae and 
beneath the wing root. Halteres obscure yellow. Legs with the coxae 
brown ; trochanters obscure yellow ; only a single detached leg remains, 
this obscure yellow, the terminal two tarsal segments darkened ; claws 
simple. Wings (text-fig. 11) greyish subhyaline, the base slightly more 



TeX-fiG. ll .—Limonia (Dirranotnyia) bhutavica , sp. nov. ; venation. 

brightened ; stigma lacking ; veins very pale brown. Venation : Sc x 
ending opposite origin of Rs , Sc 2 very far from its tip so vein is longer 
than the arcuated Rs ; basal section of R v , 5 arcuated, about two-thirds 
Rs ; cell M 2 open by atrophy of m ; petiole of cell A/ a about two-thirds 
the cell ; cell 2nd A unusually wide, vein 2nd A arcuated. 

Abdomen yellowish brown, somewhat darkened laterally ; sternites 
paler; valves of ovipositor horn-yellow, the hypovalvac blackened 
basally ; cerci very slender. 

Habitat, -- Assam-Bhutan Border. 

Holotype , 9» northeast Mangaldai District, December 30-31, 1910 
(S. W. Kemp). 

The most generally similar regional species of Dicranomt/ia having 
cell M 2 of the wings open by the atrophy of m are Limonia (Dicmnonnjia) 
innocua (Alexander) and L. (D.) absens (Brunotti). Both of these species 
are much larger than the present fly and wi f h the colouration of the body 
and wings distinct. Superficially the present fly is more like L. (IJ.) 
aperta (Wahlgrcn) of northern Kurope and L. (I).) brevivena (Oaten Sac- 
ken) of North America. The structure of the antennae indicates that 
the present fly is very distinct from all of the above mentioned species, 
more nearly approaching several species in the subgenus Limonia JVleigen. 
The fly is one of the smallest members of the entire genus Limonia yet 
made known. 


Limonia (Geranomyia) cemua, sp. nov. 

General colouration of mesonotum obscure yellow, the pracscutum 
with three narrow dark brown stripes ; scutellum yellow with a con¬ 
spicuous brownish black median vitta ; postnotum darkened ; pleura 
obscure brownisli yellow, the dorsal pleurites vaguely darker ; knobs 
of halteres brownish black; femora obscure yellow with a vague darker 
subterminal ring; wings cream yellow, slightly darker around margin, 
with very conspicuous brown costal areas, those over origin of Rs and 
at stigma very large ; no brown spots along vein Cu ; Sc relatively 
long ; cell 1st M 2 elongate, exceeding any of the veins beyond it; m-cu 
close to fork of M ; male hypopygium with the dorsal dististyle lacking ; 
ventral dististyle very large and fleshy, its rostral prolongation slender. 
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with two decurved spines from a common tubercle, these spines fused 
basally or very closely approximated on their outer portion. 

Male .—Length, excluding rostrum, about 6*5-7 mm.; wing 7*5- 
8 mm. ; rostrum about 2*3-2*5 mm. 

Rostrum relatively short, black. Antennae black throughout; 
flagellar segments oval; verticils relatively inconspicuous. Anterior 
vertex light grey, the colour vaguely continued caudad onto the dark 
brownish grey posterior portion of head ; anterior vertex reduced to a 
narrow strip, less than the diameter of scape. 

Pronotum obscure yellow, darkened laterally. Mesonotal prae- 
scutum obscure yellow, with three narrow dark brown stripes, the median 
vitta narrower than the laterals, subequal in width to the interspaces ; 
lateral stripes widened behind and here more greyish, crossing the suture 
and broadly suffusing the scutal lobes, the latter area narrowly border¬ 
ed mesally by more brownish black ; lateral borders of scutal lobes and 
the median area of scutum yellow, the latter with vague indications of 
a darkened median vitta ; scutellum yellow, with a very conspicuous 
brownish black median dash that does not reach the posterior border, 
parascutella pale brown ; postnotum chiefly dark brown, paler along 
the suture between anepisternum and sternopleurite. Pleura chiefly 
obscure brownish yellow or reddish yellow, with indications of a darker 
dorso-longitudinal stripe extending from the propleura backwards, the 
exact limits difficult to determine because of damage caused by pinning. 
Halteres with stem yellow, knob brownish black. Legs with the coxae 
and trochanters yellow ; femora obscure yellow with very vague indica¬ 
tions of a darker ring about equal in extent to the yellow apex ; tibiae 
and tarsi yellow, the terminal tarsal segments darkend. Wings (text- 
fig. 12a) with a weak brown tinge, the central portion of disk more cream 



coloured ; a heavy brown pattern, chiefly costal in distribution, arranged 
as follows : At //, continued cuudad over the arcular region ; at super¬ 
numerary crossvein in cell Sc, extending from C to M, narrower in cell 
R ; a very extensive costal area from above origin of Rs to beyond fork 
of Sc, continuously darkened in cells C and Sc or very narrowly inter¬ 
rupted ; in cell R following along Rs for about one-half the length of 
the vein, not reaching vein M behind ; a further posterior extension 
in cell R x opposite fork of Sc, not quite reaching Rs behind ; a further 
major darkening in region of the stigma, in extent subequal to the last 
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area, with a narrow posterior extension across cell R^ before midlength ; 
beyond the stigma arc further narrower areas at tip of ff a+SJ , continued 
caudad to vein 7i 4+5 , and more diffusely at wing-tip ; cord and outer 
end of cell 1st M 2 more narrowly seamed with brown ; narrow brown 
marginal clouds at ends of longitudinal veins, especially Cu, 1st A 
and 2nd A ; veins obscure yellow, very slightly darker in the pattern¬ 
ed areas. Costal fringe (male) short and inconspicuous. Venation : 
Sc relatively long, Sc x ending about opposite three-fifths Rs, Sc 2 at its 
tip ; a supernumerary crossvein in cell Sc ; Rs weakly angulated at 
origin ; cell 1st M 2 elongate, longer than any of the veins beyond it, 
more than twice as long as the distal section of M x ; m-cu close to fork 
of M ; vein 2nd A sinuous. 

Abdominal tergites dark brown, the posterior borders of the segments 
broadly more greyish; stcrnites reddish yellow; hypopygium dark. 
Male hypopygium (text-fig. 12 b) with the caudal margin of ninth tergite, 
9t , broadly emarginate, the lateral lobes obtuse, slightly darkened, pro¬ 
vided with numerous coarse setae. Basistyle, h , small, the ventro- 
mesal lobe short and stout, simple. Dorsal dististyle apparently lack¬ 
ing. Ventral dististyle, vd, large and fleshy, elongate, its total area 
about four or five times the basistyle ; rostral prolongation long and 
slender, at its base on upper face with a common tubercle bearing two 
strong confluent or very closely approximated spines that are bent 
cephalad across the face of the prolongation, one of the spines longer 
and a trifle stouter than the other, both acute at tips ; apex of prolonga¬ 
tion a little dilated, provided with microscopic setae. Mesal-apical 
lobe of gonapophysis, y, appearing as a smooth, darkened, slightly curved 
horn. 

Habitat .—British India (Punjab, Assam). 

Holotypc , (J, Punjab, Dalhousie, stream next to Punj-pul Nallah, 
altitude 0,500 feet, May 8, 1927 (S. L. Hora). Paratypes, alcoholic 
in poor condition, Assam, Khasi Hills, Dumpep, October 2-18, 
1929 (S. L. Hora). 

By means of Brunetti’s key to the species of British India (Fauna, 
etc., p. 388), the present fly runs to Limonia (Gerartomyia) semistriata 
(Brunetti), which with the subsequently described L. (G.) Jlaviventris 
(Brunotti) and L. (G.) poliophara Alexander, and the fly described here¬ 
with as L. (G.) fortibasis , sp. nov., are the most similar species. The 
fly is readily told from all of the above with the exception of fortibasis 
by the structure of the male hypopygium, especially the loss of the dorsal 
dististyle. The three Oriental species possessing this character are 
L. (G.) feuerborni Alexander, of the Malayan Islands ; L. (G.) fortibasis , 
sp. nov. ; and the present fly ; all differ among themselves in the nature 
of the wing pattern and the details of structure of the male hypopygium. 


Limonia (Geranomyia) fortibasis, sp. nov. 

Male.— Length, excluding rostrum, about 6-7 mm.; wing 6*5-8 
mm.; rostrum about 2*5-3 mm. 

Female. —Length, excluding rostrum, about 6 mm.; wing 7 mm.; 
rostrum about 2*5-3 mm. 
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Very similar to L. (G.) cernua, sp. nov., differing especially in the 
details of structure of the male hypopygium. 

Rostrum black throughout. Praescutal stripes narrow but relative¬ 
ly ill-defined ; scutal lobes extensively darkened ; median area of scu¬ 
tum and the scutellum obscure yellow, with a narrow dark brown median 
vitta; postnotum uniformly darkened. Pleura obscure yellow, the 
dorsal portions slightly more darkened. Femora light brown, the tips 
narrowly and vaguely yellow, without a distinct brown subterminal 
ring; tibiae and tarsi brown, the terminal tarsal segments darker. 
Wings (text-fig. 13a) with the dark pattern much as in cernua , the areas 



Text-fio. 13. — Limnnia ( (Jerrmomyia ) fortibasis , sp. nov. ; venation ; b ., male 
hypopygium, details. 

over origin of Rs and fork of Sc entirely separate. Venation : Cell 1st 
M 2 a little shorter ; m-cu a shorl distance before fork of M, in cases this 
distance between one-third to one-fourth the length of m-cu. 

Abdominal tergites dark brown, the sternites obscure yellow; hypo¬ 
pygium brownish yellow. Male hypopygium (text-fig. 136) much as in 
cernua Jtmt differing conspicuously in the rostral prolongation of the 
ventral dististvle, vd. This latter is unusually wide across the base, 
the point of attachment with the main body of the style evidently very 
weak since this latter is broken and lost in almost all specimens examined ; 
spines of the prolongation arising from a powerful base, the spines 
entirely fused and without trace of suture on basal half; on distal half 
the dividing suture is evident but to all intents and purposes there remains 
a single spine clear to the acute tip ; spine from one-third to one-half 
longer than the length of the prolongation beyond it and not lying across 
the face of the prolongation, as in cernua ; prolongation beyond the 
spine long and slender, gently curved, provided with several long setae 
at apex. Dorsal dististyle lacking, as in. feuerborni Alexander and 
cernua. sp. nov. 

Habitat.- -Assam (Kbasi Hills). 

Holotype , alcoholic c: J, Duinpep, October 2-18, 1929 (S. L. Hora). 

Allotopotype, $. Paratopotype , 1 broken $. 

Limonia (Geranomyia) gravelyana, sp. nov. 

General colouration grey, the praeseutum with a broad blackish 
median stripe ; knob of halteres darkened ; femora pale brown, tibiae 
and tarsi darker brown ; wings weakly tinged with brown, unpatterned 
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except for the short-oval pale blown stigma ; costal fringe relatively 
long and dense ; Sc long ; male hypopygium with the dorsal dististyle 
long and strongly curved ; ventral dististyle very large and fleshy ; 
rostral prolongation bearing two strongly curved spines from a stout 
common tubercle ; mesal-apical lobe of gonapophysis long and slender, 
entirely pale. 

Mah- Length, excluding rostrum, about 4*8-5*2 mm. ; wing 5- 
5*7 mm. ; rostrum about 1*9-2 mm. 

Rostrum relatively long, dark brown throughout. Antennae short, 
black ; flagellar segments oval, relatively crowded. Head dark grey, 
the anterior vertex and a line of equal width back from it to the occiput 
clear light grey. 

Pronotum blackish, grey laterally. Mesonotal praescutum grey, 
with the disk chiefly occupied bv a very broad, more blackish stripe, 
this more pruinose behind and with indications of a paler median line 
in the holotvpo specimen ; lateral stripes lacking or fused with the 
central discal area ; posterior sclerites of notum dark grey. Pleura 
grey, vaguely patterned with darker grey. Halteres with stem pale, 
knob darkened. Legs with coxae dark, pruinose ; trochanters light 
brown ; femora yellowish brown to pale brown, unvariegated ; tibiae 
and tarsi darker brown. Wings (text-fig. 14 a) with a weak brown tinge, 



Tbxt no. 14.— -Limonia ((Jeranttmyia) ann'clf/ana, a p. nov.; a., venation; male 
hypopygium. 

the prearcular field yellow ; stigma short-oval, pale brown; veins 
brown. Costal fringe dense and relatively long. Venation : Sc long, 
Sc x ending a short distance before fork of Rs, Sc 2 at its tip ; m-cu vari¬ 
able in position, at the fork of M to almost one-half its length before 
this fork ; supernumerary crossvein in cell Sc not clearly evident in type 
specimens. 

Abdominal tergites brownish black, including the hypopygium ; 
caudal borders of segments slightly paler ; basal sternites reddish brown, 
the fifth and succeeding segments blackened. Male hypopygium (text- 
fig. 146) with the ventral dististyle very long and fleshy, in area very 
much exceeding the basistyle; setae on surface small and sparse; 
rostral prolongation, vd, stout basally, at apex narrowed into a com¬ 
pressed beak, at base of which on outer margin with a single strong 
tubercle bearing two strongly curved spines at its apex ; the tubercle 
is about one-third the length of the rostral prolongation beyond it and 
nearly one-third the length of the longest spine. Dorsal dististyle, 
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dd , an unusually long and strongly curved chitinized hook, the long 
drawn out tip acute. Mesal-apical lobe of gonapophysis, g , long and 
slender, gently curved, entirely pale. 

Habital. —Eastern Himalayas (Darjiling District). 

Holotype , C J, Peshoke (Pashok) Spur, altitude 2,000-3,500 feet, April 
23-May 11, 1915 (F. H. Gravely). Paratopotgpe , 

The type material had been questionably determined by Brunetti 
(Rec. I ml. Mus. XV, p. 287, 1918) as being Limonia (Geranomyia) geni¬ 
talis (Brunetti), which is identical with L . (G.) fletcheri (Edwards), both 
originally described in 1911 but with fletcheri having a slight priority. 
The present fly is entirely distinct from fletcheri , differing in all details 
of colouration of the body and wings, and especially in the structure 
of the male hypopygium. L. (G.) fletcheri has the rostral spines of the 
male hypopygium short and straight, from a short tubercle, the pro¬ 
longation beyond them short and obtuse. I am very pleased to dedicate 
this fly to the collector, Dr. F. II. Gravely. 

Helius (Helius) boops, sp. nov. 

General colouration of mesonotum dark brown, the sides of the prae- 
scutum broadly obscure yellow ; knobs of haltercs dark brown ; wings 
subhyaline, sparsely patterned with brown ; costal fringe and macro- 
trichia of veins short; Rs relatively long ; cell 1st M 2 rectangular, with 
m-cu at near one-fourth to one-fifth its length ; abdominal tcrgites 
reddish brown, sternites more yellow. 

Female .- -Length, including rostrum, about 8-6 mm. ; wing 7-3 mm.; 
rostrum 0*0 mm. 

Rostrum brown, subequal in length to the remainder of head ; palpi 
darkr Antennae dark brown, broken beyond the base, the first flagellar 
segment a little shorter than the scape. Head brownish grey ; eyes 
large ; anterior vertex reduced to a narrow strip that is about one-half 
the diameter of scape. 

Pronotum dark brown. Mesonotal praescutum dark brown medial¬ 
ly, the broad lateral portions more obscure yellow, the lateral margins 
behind the pseudosutural foveae restrictedly more darkened ; posterior 



Text-fig. 15.— Helius ( Helius) boops , sp. nov.; venation. 

sclerites of notum dark brown, the median region of scutum pale. Pleura 
pale reddish brown, the mural and dorsopleural regions paler. Halteres 
with stem yellow, knob dark brown. Legs with coxae brownish yellow 
to yellow ; trochanters yellow ; remainder of legs broken. Wings (text- 
fig. 15) subhyaline restrictedly patterned with brown, as follows : Arcu- 
lus ; origin of Rs ; cord and outer end of cell 1st M 2 ; the narrow wing- 
tip ; stigma oval, slightly darker brown ; veins dark brown. Com- 
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pared with longinervis , costal fringe and macrotrichin of veins shorter ; 
wings longer and narrower, more pointed at apex. Venation : Rs rela¬ 
tively long ; r-m connecting with Rs about one-half its length before 
fork : cell 1st M 2 more rectangular than in hwginems, tn-ex at near 
one-fourth to one-fifth the length. 

Abdominal tergites reddish brown ; sternit.es more vellow ; a narrow 
dark pleural stripe ; bases of ovipositor obscure yellow. 

Habitat.--- Assam (Khasi Hills). 

Tlolotype , alcoholic 9- Stream below Power House, Shillong, altitude 
about 5,000 feet. December 5, 19B0 (H. S. Kao). 

The nearest ally of the present fly is H cl ins (II dins) hmginsrvis 
Edwards (Pahang-Java) which differs from the present species especial¬ 
ly in colouration, venation and in the much longer macrotric-hia of 
the wing veins. Edwards refers his species to the subgenus Eurhaw- 
phidia Alexander and from the position of the r-m crossvein before the 
fork of Rs, this assignment may well be more correct despite the very 
different general appearance 1 , of longwervis and hoops from the normal 
type of EmJiampJtidia. 


Tribe PEDTC1INI. 

Dieranota (Rhaphidolabis) sordida (Bru netti). 

1‘.m. Claduroides .sordida. Brunotti, R<r . Jvd. J/t/.v. VT, p. 290. 

1912. Rhaphidolabis ivdica , Brunotti, Fauna Brit. India, Dipl. Xenial., j>. 

519, pi. x. fig. 15. 

Punjab, Dalhousie, stream next to Punj-pul Nallali, altitude (>,500 
feet. May 8, 1927 (S. L. Hora) ; Dalhousie, round about Hurst Cottage, 
Bakrota Hill, altitude 7,000 feet. May-June 1927 (S. L. Hora). Brunetti's 
types were from Simla and vicinity. Without an actual study of the 
holotype, the ]>resent determinations are as safe as is possible. 

Tribe HEX A TOM INI. 

Limnophila raoana, sp. now 

General colouration of head, thorax and abdomen dark brown to 
brownish black ; antennae with scape and pedicel black, flagellum brown ; 
flagellar segments provided with an abundant pale pubescence and 
elongate verticils ; anterior vertex wide : halteres black throughout; 
femora black, the tips narrowly but abruptly and conspicuously yellow ; 
tibiae and tarsi yellow ; legs provided with lone conspicuous setae ; 
wings with the very restricted ground, whitish subhyaline, very heavily 
patterned with brown, especially dense in the radial field where the 
ground is reduced to linear transverse dashes; Sc long; R 2 , 4 un¬ 
usually long, about one-third Rs ; m-cu very close to the fork of M ; 
cerci black, the tips paling to horn-yellow. 

Female. —Length about 8*5 mm. ; wing 7*7 mm. 

Rostrum and palpi black. Antennae with scape and pedicel black, 
flagellum brown ; scape elongate ; pedicel relatively stout, about twice 
as long as thick ; flagellar segments subcylindrical to elongate-oval, 
with truncate ends, provided with a dense erect pale pubescence and 
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elongate verticils, the longest of these latter unilaterally distributed, 
exceeding the segments in length. Head with anterior Vertex wide, 
exceeding twice the diameter of scape ; eyes protuberant (possibly 
due to the position in mounting), with relatively coarse ommatidia ; 
head dark brown. 

Thorax almost uniform dark brown, the praescutum without distinct 
stripes; setae of praescutal interspaces sparse but elongate, black. 
Pleura uniformly dark brown. Halteres black throughout. Legs with 
coxae brownish black ; trochanters dark brown; femora black, the 
tips narrowly but abruptly and conspicuously yellow' ; tibiae and tarsi 
yellow, the terminal tarsal segments darkened ; legs with very long 
coarse setae, black on the femora, yellow on the tibiae and tarsi; tibial 
spurs black, long and conspicuous, hairy ; claws slender, simple. Wings 
(text-fig. 16) with the very restricted ground colour, whitish subhyaline, 



Text eio. 16 .—Limnoyhila ruoana, sp. nov.; venation. 

chiefly obliterated by unusually heavy brown markings, in the radial 
field restricting the pale ground to linear transverse lines and dashes; 
in cells basad of cord and in outer medial and cubital fields the pale 
ground areas more numerous, more nearly equal in extent to the dark 
spots two major dark spots along vein 2nd J, one at apex, the second 
beyond midlength ; cells V and Sc with series of dark spots and dashes : 
veins dark brown, (■ pale yellow except where variegated by dark dashes. 
Costal fringe moderately long and conspicuous. Venation : Sc long, 
Ncj ending about opposite midlength of # 2 + 3 - h4 , Sc 2 a short distance 
removed from its tip ; Rs arcuated at origin, nearly three times the long 
R 2 u 3 | 4 ; 7? 1 , o relatively short, from one-third to one-half times R 2 , ;t : 
cell M) about twice its petiole ; cell Jst M., rectangular, with tn-cu very 
close to the fork of M , in one wing about one-iifth its length beyond the 
fork, in the opposite wing even closer to the fork ; anterior arculus 
present; vein 2nd A elongate, extending generally parallel to the anal 
border of wing. 

Abdomen brownish black to black, the genital segment narrowed ; 
valves of ovipositor blackened, the distal half of cerci paling to horn- 
yellow ; cerci long and slender, gently upeurved. 

Habitat . -Bombay Presidency (North Kanara District). 

Holotype, 9- Hill stream on Jog-Sagar Hoad, November 30, 1928 
(H. S. Rao). 

This distinct species is named in honour of the collector, Dr. H. S. 
Rao. There are several allied forms in the Oriental fauna, including 
Lirnnophila bivittata Edwards, L. multipunctata Brunetti, L. pendle- 
buryi Edwards and L . senior-whitei Alexander. The present fly differs 
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from all of these by the colouration of the body and legs, by the un¬ 
usually heavy dark pattern of the wings, and by the position of m-cu 
close to the fork of M, in this latter respect suggesting species of the 
genus Dactylolabis Osten Sacken. I had formerly believed that certain 
of these species more properly fell in Pseudolimnophila Alexander but 
since the anterior arculus is preserved in all and other characters fail 
to agree, it seems best to place them all in Limnophila Macquart until 
the Oriental species of the group are better known. 

Limnophila manipurensis, sp. now 

General colouration dark, sparsely grey pruinose ; praescutum with 
three darker brown stripes; scutellum with a dark median vitta ; 
antennae short, basal segments short and crowded, flagellum yellow ; 
halteres obscure yellow ; legs with femora yellow, the tips rather narrow¬ 
ly blackened ; tips of tibiae narrowly darkened ; legs provided with 
long conspicuous setae ; wings yellow, spotted and very abundantly 
dotted with brown ; R 2 very faint, placed near midlength of the pale 
yellow stigma ; m-cu lying very far distad, about four-fifths the length 
of cell 1st M 2 . 

Female. —Length about 10 mm. ; wing 10 mm. 

Rostrum and palpi brown. Antennae with scape black, relatively 
short; pedicel dark brown ; flagellum obscure yellow, the outer seg¬ 
ments more darkened ; antennae short, basal flagellar segments short 
and crowded, the first flagellar segment with a short basal pedicel, the 
succeeding segments closely applied to one another ; fifth and following 
segments becoming more elongate and provided with long verticils, on 
the outer segments being nearly three times as long as the segments 
themselves ; terminal segment elongate, exceeding twice the penulti¬ 
mate. Head dark brown. 

Pronotum dark brown, relatively massive. Mesonotal praescutum 
brownish grey, with three somewhat conspicuous brown stripes, the 
median one more or less divided by a pale central line, narrowed and 
entire before the suture ; lateral stripes more distinct and more or less 
confluent at their anterior ends with the median vitta, obliterating the 
interspaces at this point; suture conspicuously darkened medially; 
scutum grey each lobe variegated with a dark brown area, the broad 
median region with vague indications of a capillary dark line ; scutellum 
dark grey, with a conspicuous median brown vitta, parascutella dark; 
postnotum dark grey, the mediotergite more darkened posteriorly. 
Pleura chiefly brownish black, more or less pruinose. Halteres obscure 
brownish yellow, the knob weakly darkened. Legs with the coxae 
dark brown; trochanters brownish yellow ; femora yellow, the tips 
rather narrowly but conspicuously blackened ; tibiae yellow, the tips 
very narrowly dark brown ; tarsi yellow, the tips of the first three seg¬ 
ments narrowly and vaguely darkened ; terminal two segments dark¬ 
ened ; legs with long conspicuous setae, especially long and outspread¬ 
ing on tibiae and tarsi; tibial spurs elongate. Wings (text-fig. 17) 
with the ground colour yellow, spotted and very abundantly dotted with 
brown; major dark areas at origin of Rs ; along cord, beginning as*a 
relatively small spot at proximal end of the otherwise pale stigma ; 
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smaller dark marginal areas at ends of veins R 3 and i? 4 ; the brown 
dots include all cells, in the outer and posterior fields somewhat larger 



Text fig. 17.— Limn op hi la manipare rials, sp. nov. ; venation. 

and tending to become confluent; tip of vein 2nd A with a small darken¬ 
ed area ; veins yellow, darker in the patterned areas. Costal fringe 
relatively long and abundant but subappressed. Venation : Sc long, 
Sc 2 longer than Sc j, ending a short distance before end of 72 2+344 ; 
R 2 very faint to subatrophied, at near midlength of the pale stigma ; 
cell ilfj subequal in length to or a little shorter than its petiole ; m-cu 
lying unusually far distad, about four-fifths the length of the cell, the 
distal section of M 3 ., 4 only about one-half m-cu and much shorter than 
the basal section of M :i ; cell 2nd A wide; anterior arculus preserved. 

Abdomen dark brown, indistinctly variegated with more reddish 
areas; genital segment dark ; valves of ovipositor horn-yellow ; cerci 
elongate, only gently upcurved near tips, the latter acute. 

// abitat .—-Assam (Manipur). 

// olotype, Thanga island, Loktak Lake, at light, February 1920 

(Manipur Survey). 

Limnophila manipurensis is readily separated from other related 
forms listed under the preceding species by the details of colouration 
of the body, legs and wings, and especially by the venation, in the 
unusual position of m-cu far out toward the end of cell 1st M 2 . 

Tribe ERIOPTERINI. 

Teucholabis (Teucholabis) angusticapitis Brunetti. 

1918. Teucholabis anyusticapitis, Brunotti, /tec. Ind. M us. X V, p. 305, pi. viii, 
fig. 11 (head). 

1019. Teucholabis nocticolor , Kdwards, Jonrn . Fed. Malay States Mus. VIIT, 
pp. 18, 19, pi. iii, fig. 6 (hypopygium) ; pi. iv, fig. 13 (wing). 

The Holotype, qJ, Regd. No. 8520/H2, was from above Tura, 
Garo Hills, Assam, altitude 3,500-3,900 feet, August 1917 (S. W. Kemp). 

Male .—Length about 7 mm. ; wing 7*6 mm. 

Head long and narrow, as mentioned by Brunetti; rostrum more 
than one-half the remainder of head. Antennae dark brown. Head 
pruinose. » 

Pronotum relatively conspicuous. Thorax blackish, the cephalic 
portion of praescutum paler, more reddish brown. Pleura and post- 
notum sparsely pruinose. Hal teres dusky, including the knobs. Legs 
blackish, with relatively conspicuous black setae. Wings blackish, 
with two narrow whitish crossbands, as described. Venation: Sc 
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relatively long, Sc x ending a short distance before the fork of Rs ; Rs 
relatively short, straight; R 2 a little shorter than R 2 , :u 4 ; cell 1st 
M 2 relatively small, subrectangular, shorter than vein A/ 3 beyond it: 
m-cu nearly its own length beyond fork of Af, only about one-fourth the 
length of distal section of Cu x . 

Abdomen black throughout; sternal pocket present. 

Edwards (Rec. Ind. Mm. XXVI, p. 500, 1924) places his nocticolor 
as a synonym of angustimpitis. It should be noted in this insect as 
well as in most others described by Brunetti that his measurements of 
the body length are under the actual dimensions. 

Teucholabis (Teucholabis) pruthiana, sp. nov. 

General colouration of mesonotum polished black, the humeral region 
of praescutum, the suture, the broad median region of scutum and the 
scutellum yellow ; pleura black, the dorsal sternopleurite and meral 
region yellow ; femora yellow, the tips broadly black, most extensive 
on the fore legs ; wings yellow, restrictedly patterned with pale brown 
and darker brown, including a broken crossband at level of origin of 
Rs and a complete band at the cord ; wing-tip broadly paler brown : 
abdomen dark brown, the incisures rather narrowly yellow ; subterminal 
segments uniformly yellow, the sty 1 i of hypopygium dark : male liypo- 
pygium with the outer dististvle simple; inner dististvle with two 
arms that terminate in blackened points. 

Mate. Length about 7*5 mm. ; wing 0-5 mm. 

Rostrum black, relatively long and slender, sube<pial in length to 
remainder of head ; palpi and mouth parts black. Antennae black; 
basal flagellar segments short-oval, the segments passing through oval, 
the outer ones long oval ; verticils subepual in length to the segments. 
Head black. 

Pronotum orange yellow. Mesonotal praescutum polished black, 
the humeral triangles extensively yellow, the suture and vicinity more 
narrowly but continuously yellow ; scutum with lobes polished black, 
the broad median area and the scutellum yellow ; parascutella black ; 
postnotum black. Propleura black. Mesopleura broadly black above 
and on the ventral sternopleurite, the dorsal sternopleurite and meral 
region yellow, the pleurotergite and metapleura black. Halteres with 
stem blackened, knob light yellow. Legs witli coxae and trochanters 
yellow ; femora yellow, the tips broadly blackened, on the fore pair 
including about the distal two-fifths, narrower on the middle and posterior 
legs where the outer fourth to fifth is blackened ; tibiae dark brown, the 
tips narrowly blackened ; tarsi black. Wings (text-fig. 18a) with the 
ground colour yellow, restrictedly patterned with pale brown and darker 
brown, the darker areas appearing as a broken crossband at level of 
origin of Rs , including dark clouds at origin of Rs and end of vein 2nd 
A , the band much paler brown in the intervening cells ; a second dark 
band at cord, beginning at the Aval, darker brown stigma, extending to 
vein Cu ; the paler brown areas include the broad wing apex and narrow¬ 
er posterior margin, the former extending basad to the genera! level of 
outer end of cell 1st M 2 < the latter including the outer ends of cells A/ 4 
to 2nd A , inclusive, the base and axillary region remaining pale ; cell 
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C yellow, Sc brown ; veins brown. Costal fringe relatively short and 
dense. Venation : Sc of moderate length, Sc l ending near two-fifths 
the length of /?.<?, Sc 2 a little closer to origin of Rs than to tip of Sc v 




Tbnt Kin. IS.—7 V urholnbis {To urholnbis) pruthinnn, sp. nov. ; venation; b. % 
male hypopygium; r, male hypopygium of T. (7 T .) ann uloubdomimills 
Senior-White (right) shown for comparison. 


Abdomen dark brown, the incisures rather narrowly yellow, includ¬ 
ing the narrow apical borders of the segments and the subecjual extreme 
base of the succeeding segments ; segments eight and nine yellow, the 
styli of the male hypopygium brownish black. Sternal pockets well- 
developed, especially the major one on fifth segment; this latter pocket 
is much larger than in a n mil on M om i not is , occupying most of the width 
of the segment, with the setae more numerous and differently distribut¬ 
ed. Male hypopygium (text-fig. 186) with the apical lobe of basistyle, 
6, bispinous ; mesal flange consisting of numerous low triangular points 
and interpolated setae, at cephalic end of flange produced into a more 
elongate lobe. Outer dististyle, rx/, a simple slender rod, the narrowed 
tip acute. Inner dististyle, id , bifid ; the arm bearing the two elongate 
setae produced into two blackened spinous points, the more elongate 
simple arm more or less narrowed to a blackened point. Aedeagus, 
u, bearing four elongate setae on shorter lobe. 

In annuloabdowinalis (text-fig. 18c), the apical lobe of basistyle, b , 
extended into a single spine. Outer dististyle, orf, stouter, the apical 
spine gently curved, bearing a shorter lateral spine before apex. Inner 
dististyle, id, of entirely different conformation, the arm bearing the 
two elongate setae shorter, simple, obtuse at apex ; simple arm longer, 
appearing as a cultriform blade, the acute apex blackened. 


1942.] 


C. 1\ Alexander : Oriental Tipulidar* 


07 


Habitat . —South India (Palni Hills). 

Holotype , Muliar, below Kodaikanal, altitude about 5,000 feet, 
July 1-3, 1929 (IT. S. Pruthi) ; Eastern Ghats Survey. 

I take very great pleasure in dedieating the species to the collector, 
Dr. Hem Singh Pruthi. The nearest ally is Tcueholnbis (Tcueholabis) 
dnnuloabdominalis Senior-White, of Ceylon, which differs in the details 
of colouration of the thorax, legs and wings, in the broader yellow abdo¬ 
minal rings, and, especially, in the structure of the male hypopygium. 

Gonomyia (Lipophleps) ornatipes (Brunetti). 

1912. Dirranomyia ornatipes* Brunotti, Fauna Brit. India* Dipt. Xnnat., p. 

380, pi. vii, fig. 10 (wing). 

One Coimbatore, South India. September 2, 1938 (Susai 

Nathan); one £ Nedungadu, Tanjore District, February 17, 1938 
(Susai Nathan). Edwards had considered this species as being a synonym 
of the earlier described East Indian Gonomyia (Lipophleps) pilifera (de 
Meijere), but in my opinion the two flies are quite distinct though belong¬ 
ing to the same group of species which has been named the pilifera - 
group. 

Gnophomyia (Gnophomyia) klossiana, sp. nov. 

General colouration dark brown ; pleura brownish black, the ventral 
pteropleurite and meral region more brownish yellow ; antennae rela¬ 
tively elongate, black ; legs dark brown to brownish black ; wings with 
a weak brown tinge, the large diffuse stigma conspicuously darker brown ; 
Rs in direct longitudinal alignment with R- ; r-m at end of Rs ; R 2 , ;l tl 
unusually erect, R 2 ~ 3 subperpendicular, only a little longer than R., 
alone ; cell R 2 at margin very extensive, approximately six or seven 
times as wide as cell /? 3 ; cell 1st M. z relatively small; abdominal tergites 
brownish black ; ovipositor yellow, the cerci strongly compressed. 

Female. -Length about 5 mm.; wing 5-4 mm. 

Rostrum and palpi black. Antennae with scape and pedicel dark 
brown ; flagellum black ; flagellar segments cylindrical, relatively elon¬ 
gate in the female sex ; longest verticils nearly equal in length to the 
segments, appressed. Head brownish black. 

Mesonotuin almost uniformly dark brown. Pleura chiefly blackened, 
the propleura, ventral pteropleurite and moral region more brownish 
yellow; pleurotergite brownish black. Halteres with stem dusky, 
knob dark brown. Legs with coxae and trochanters reddish brown ; 



Tkxt tig. 19. —(Gnophomyia ((J nop ho my i a), klossiana* sp. now; a.* venation ; b.* 
ovipositor. 

remainder of legs dark brown to brownish black; tarsi eonsiderablv 
shorter than tibiae. Wings (text-fig. 19a) with a weak brownish tinge. 
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the large diffuse stigma conspicuously dark brown : veins dark brown. 
Costal fringe long and conspicuous. Venation ; Rs in direct longitudinal 
alignment with R~ ; R 2 : 3 } 4 unusually erect, R 2 . 3 even more so, 
only a little exceeding R 2 alone ; r-m at end of Rs ; veins R 3 and Jf? 4 
unusually long and extending generally parallel to one another, the cell 
being a trifle wider about midlength ; cell R 2 at margin very exten¬ 
sive, being from six to seven times that of cell R 3 ; cell 1st M 2 relatively 
small, subequal in length to vein M 4 beyond it : m-cii about one-third 
the length of cell 1st M 2 ; cell 2nd A of moderate width only. 

Abdominal tergites brownish black, the basal sternites more reddish 
brown. Ovipositor (text-fig. 19 b) with the cerci light yellow, appearing 
as very compressed blades, widest on basal half, the upeurved distal 
portion strongly narrowed, the ventral margin with long setae. 

Habitat. ^Federated Malay States (Selangor-Pahang Boundary). 

HoJoty])(\ Gin ting Bidai, altitude 2,000 feet, April 1917 (C. Boden 
Kloss). 

From the numerous oriental species of the genus that center about 
Gnophomyia (Gnophomyia) orientaUs de Meijere and (1. (G.) stremm 
Brunetti, the present fly is most readily told by the venation, especially 
the unusually precipitous veins R 2 ,. 3+4 and R 2 1 3 , and by the un¬ 
usual marginal extent of cell R 2 . The strongly compressed-flattened 
ovipositor is likewise somewhat different from the usual type found in 
the genus. 


Styringomyia kempiana, sp. nov. 

General colouration dark grey, the praescutum bordered in front and 
on sides by a narrow black line ; pronotum, posterior border of scutellum 
and a capillary median vitta on postnotum obscure yellow ; pleura black, 
sparsely pruinose ; halteres uniformly brownish black ; femora brownish 
black, the fore and middle pair with a very narrow, obscure yellow, 
subterminal ring, the posterior femora with this ring much more diffuse ; 
tibiae brownish black, the fore and middle pair with the bases and a 
subterminal ring obscure yellow ; posterior tibiae uniformly darkened ; 
wings with a strong brownish yellow tinge ; vein 2ml A curved to the 
wing margin, without angulation or spur ; male hypopygium with the 
basistyle terminating in three strong spinous bristles ; inner arm of 
dististyle very large, oval, provided .with abundant long retrorse setae. 

Male. Length about f>*5 mm. ; wing 4-3-4-4 mm. 

Female. Length about (3 mm.; wing about 4 nun. 

Rostrum and palpi black. Antennae with scape dark, grey prui¬ 
nose ; pedicel brown, flagellum obscure yellow, the outer segments 
more darkened ; flagellar segments long-oval, the outer ones becoming 
even more attenuated ; terminal segment shorter than the penultimate. 
Head light brown ; setae delicate. 

Pronotum obscure yellow, darkened and impressed medially. Meso- 
notum chiefly dark grey, the praescutum bordered in front and on sides 
by a narrow black line, the usual interspaces less distinctly darkened ; 
posterior sclerites of notum blackened, pruinose, the scutal lobes slightly 
darker; posterior border of scutellum and a capillary median vitta on 
postnotum obscure yellow. Pleura black, sparsely pruinose. Halteres 
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uniformly brownish black. Legs with coxae brown; trochanters 
brownish yellow ; femora brownish black, the bases restrictedly paler; 
fore and middle femora with a very narrow, obscure yellow ring placed 
some three times its length before the tip, the posterior femora with 
the ring indicated but much more diffuse ; fore and middle tibiae brown¬ 
ish black, the very narrow bases and a narrow ring about two-thirds 
the length obscure yellow ; posterior tibiae uniformly dark brown; 
tarsi brownish black, the proximal ends of basitarsi slightly paler, on 
the posterior legs with both the first and second segments somewhat 
more obscure yellow, the outer segments blackened. Wings (text-fig. 
20a) with a strong brownish yellow tinge, without pattern, a little clearer 



Text fig. 20. —Styringomyia kempiana, sp. nov.; a., venation ; b. % male hypopygium. 


in the prearcular field and just beyond ; veins brown. Costal fringe 
long and conspicuous. Venation : Anterior branch of Rs oblique, from 
two to four times the basal section of R b ; cell 2nd M 2 broadly to narrow¬ 
ly sessile ; vein 2nd A evenly curved into the margin, without angula¬ 
tion or spur. 

Abdomen elongate in male ; basal segments blackened, succeeding 
segments pale brown or brownish yellow, narrowly blackened laterally, 
the posterior borders of the individual segments much less distinctly so ; 
hypopygium and preceding segments more uniformly brownish black ; 
abdomen with long conspicuous black, setae. Female with abdomen 
more uniformly darkened, possibly due to discolouration ; genital seg¬ 
ment dark brown, terminating in unusually slender black lobes, each 
tipped with two long setae. Male hypopygium (text-fig. 206) with the 
ninth tergite, 9t, broad, terminating in a semicircular cushion ; ninth 
sternite, 9s , with the two terminal bristles relatively weak. Basistyle, 
6, terminating in three strong spinous bristles, two of which are pro¬ 
duced into hair-like points. Outer arm of dististyle, od , entirely pale, 
dilated on basal third, at apex bearing one very small and one very 
long bristle ; margin of arm with about four small setae extending to 
the dilated basal portion. Inner arm of dististyle, id , an oval lobe with 
a slender lateral arm. both with abundant long black setae, the slender 
arm with two more spinous bristles of larger size. 

Habitat.— Southwest India (North Kanara District). 

Holotype , <J, Castle Rock, October 11-26, 1916 (S. W. Kemp). 
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Allotype , $, Talewadi, near Castle Rock, October 3-10, 1916 (S. W. 
Kemp). Paratopotypes , 2 broken with the type. Only the Holo- 
type is in a well-preserved state. 

This conspicuous species is named in honour of the collector, Dr. 
Stanley W. Kemp, who has added vastly to our knowledge of the insect 
fauna of British India. Except for the ringed tibiae, the present fly 
runs to the group of species including Styringomyia flava Brunetti and 
S. solocipennis Enderlein, all having three conspicuous spinous setae on 
the basistyle of the male hypopygium. It differs from all previously 
described species by the colouration of the body and legs, and. especially, 
the structure of the male hypopygium. Edwards placed S. obscura 
Brunetti in this same group of species having trispinous basistyles and 
in all probability it belongs to this group but since the species seems 
still to be known only from the unique type (a female from Nepal), it 
may be that the male hypopygium will not be found to conform to this 
group. 


Styringomyia susilae sp. nov. 

General colouration yellow, the mesonotum patterned with black, 
including two circular spots placed laterally on the. suture ; praescutum 
behind with a central pale line bordered laterally by black, the pale 
vitta continued caudad across the suture on to the scutellum ; pleura 
uniformly pale ; dark rings on legs very reduced, the posterior femora 
being unpatterned ; all tibiae abruptly tipped with black ; tarsi yellow, 
the terminal segment blackened ; wings yellow, restrictedly patterned 
with dark brown, the chief area being a cloud over r~m ; vein 2ml A 
without angulation or spur ; abdominal pattern pale and reduced ; male 
hypopygium with both tergal and sternal lobes very narrow, especially 
the former ; dististyle with inner lobe large, its margin bearing a linear 
series of about 18 to 20 blackened spinous points. 

Male. —Length about G-5-7 mm.; wing 4-4-4*6 mm. 

Rostrum obscure yellow; palpi brownish yellow. Antennae with 
basal segments obscure yellow, the scape more or less infuseated ; outer 
flagellar segments weakly bicoloured, the apices a little brighter yellow 
than the bases. Head yellow, with normal slender setae. 

Pronotum and mesonotum yellow, the latter with a pale to whitish 
median stripe that is indicated especially by the blackened lateral borders, 
these becoming wider and more evident at cephalic ends, the pale median 
vitta crossing the suture and scutum on to the scutellum ; near lateral 
ends of suture a conspicuous circular black spot occupies parts of both 
praescutum and scutum; posterior sclerites of notum chiefly brownish 
yellow; posterior borders of scutal lobes each with an infuseated area ; 
pleura yellow. Halteres yellow. Legs with the coxae and trochanters 
yellow ; femora yellow, the usual dark rings very incomplete to scarcely 
indicated, on fore and middle legs appearing as weak clouds on the 
upper surface only, on the posterior femora quite lacking ; tibiae yellow, 
the tips of all pairs narrowly but very conspicuously black; tarsi very 
pale yellow to whitish yellow, only the last segment abruptly blackened, 
the tips of other segments not darkened. Wings (text-fig. 21a) strongly 
yellow, the costal border, especially in the outer radial field, more saturat- 
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ed yellow ; a restricted dark brown cloud at r-m and less distinct very 
narrow seams and darkenings of the veins at outer end of cell 1st M 2 , 
m-cu, and distal third or more of 2nd A ; remaining veins uniformly 
yellow, including their tips. Venation : Anterior branch of Rs normally 
oblique ; cell 2nd M 2 very short-petiolate to narrowly sessile ; vein 
2nd A curved evenly but rather strongly into the border, not angulated 
or spurred. 



Abdomen yellow, the dark pattern very restricted, appearing as 
paired brown dots at the posterior borders of the tergites, on the seventh 
segment with an additional median basal streak ; sternites unpattern¬ 
ed ; hypopygium yellow. Male hypopygium (text-fig. 216) with the 
ninth tergite, 9t , terminating in an unusually narrow apical lobe that 
is narrower than the lobe of the ninth sternite, this lobe provided with 
long abundant setae, subtended on either side by glabrous shoulders. 
Ninth sternite, 9s, long and narrow, the setae relatively weak, one placed 
slightly more distad than the other. Basi style, 6, terminating in a 
long lobe that bears a single strong spinous seta that is subeqiud in 
length to or a trifle longer than the lobe itself. Dististyle with outer 
arm, od, slender, strongly blackened along lower border at tip ; setae 
two, the outer one unusually reduced, the longer seta of normal length ; 
face of arm with six or seven scattered setae but with no spinous points ; 
intermediate and inner arms of dististyle as figured, the intermediate 
arm more slender but elongate, tipped with six to eight short but strong 
black spines in a compact mass, with a group of normal setae imme¬ 
diately basad ; inner arm, id, a little longer and wider, appearing as a 
flattened blade, the outer margin with a row of blackened blunt-tipped 
spines, totalling 18 to 20, arranged in a close linear series. Aedeagus, a, 
terminating in two pairs of blackened acute spinous points. 

Habitat .— South India (Southern Malabar). 

Holotype , Walayar Forest, altitude 2,000 feet, August 8, 1938 

(Susai Nathan). Paratopotypes , several with the type. Para types 
in collection of Indian Museum. 

I am pleased to name this species after Miss Susila Nathan, the infant 
daughter of Mr. Susai Nathan, to whom I am indebted for several interest¬ 
ing species of Tipulidae from Malabar. By Edwards’ key to the then 
known species of the genus (Tram. Ent. Soc. London , pp. 210-212, 1914) 
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Styringomyia susilae runs to S. jacobsoni Edwards, of Java, a very 
different species. The slenderness of the simple apical lobe of the ninth 
tergite suggests S. fryeri Edwards, which is likewise entirely distinct 
from the present fly. The chief characteristics for the separation of 
susilae from its allies, aside from hypopygial differences, lie in the very 
reduced dark pattern of the legs and in the somewhat peculiar pattern 
of the mesonotum. 



CYCLOPIDES (CRUSTACES COPKPODES) DE LINDE. XI-XIII. 

Par Knut Lindberg. 

XI. Contribution A la connaissance de Cyclops (Mirnon y<;loj>s) 
VARICANS $ARS ET Cy CLOPS (Ml CROC YOLO PS) LINJANTKW8 

Kiefer. 


Cyclops (Microcyclops) varicans Sars. 

Dans ma revision cn 1939 des representants indiens du sous-genre 
Microcyclops j’avais cru devoir rnaintcnir le C. (M.) varicans subacqnalis 



Fid. 1.— Cyclops ( Microcyclops) varicans (Sars). 

a. 9 Kndopodito <*t lamcllo basalt' do 1* 4. (Suso); b. V KnHopodito ot Jamello 
basalo do P 4 (Tang-Qil); c. 9 Article 2 de reiidopodite de P 4 (Uhalii); d. P' 5 ot 
Pti(Chattt). 

comme une sous-espece ou variete de C. (M.) varicans par suite de la 
structure de repine apicale interne de l’article terminal de l’cnp. 4, 
celle-ci ne presentant pas de renflernent a sa base et etant en general 
plus allong^e par rapport a la longueur de l’article que chez le 0. (M.) 
varicans typique. De plus, les animaux indiens offrant ces caractcris- 
tiques possedaient un article de P 5 muni d’une petite 6pine sur le rebord 
interne. 

Parmi les C. ( M .) varicans recoltes dans plusieurs localites differentes 
de Tlran, certains out ete du type varicans et d’autres out repondu au 
diagnostique de la variete snbaequalis, en ce qui concerne la structure 
de Particle terminal de l’enp. 4 et de ses appendices, mais sans qu’il y 
ait eu de separation tranch^e entre les deux formes. Comme d’ailleurs 
tous les animaux examines ont presente un article de P 5 de configura¬ 
tion identique, et que je n’ai chez aucun d’eux aper$u d’epine sur le 
rebord interne, je ne crois plus justifi6 a conserver le C. (M.) varicans 
subaequalis comme uiie variete distincte. Les mensurations les plus 
importantes sont donnees de 22 femelles et de 4 males* 
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Habitats. —lnde : Scmble reparti dans toute l’etendue de la penin- 
sule. 

Iran Nord : Chain, mare eutrophique, fosse pres du fleuve Talar, 
riziere ; Gorgan, mare sans vegetation, bassin ; Lahidjan, riziere, etang 
eutrophi<pie a lTnstitut agricole ; Itamsar, petit etang ; Recht, mare, 
ruisseau ; Sari, riziere, fosse d’excavation du chemin de fer. 

Iran Sud : Chouch (Suse), fosse et citerne pres de la gare ; marecage 
pres du village ; Dihak, source ; Tang-Qil, mare de riviere. 

Cyclops (Microcyclops) linjanticu s (Kiefer). 


Syn. Cyclops {Microt.yclops) tricolor Lindberg. 

En etudiant l’espece qu’en 1937 j’ai nominee C. (M.) tricolor je me 
suis rendu compte de sa ressemblance avec le C. ( M .) linjanticus decrit 



Ficj. 2. —Cyclops {Microcyclops) Imjanticus (Kiefer). 9. 

«. Receptacle seminal, aspect comrnun (lleehir); b. Reeeptaolo seminal, aspect 
inusit6 (Recht); c. Article 2 de I’endopodito de P 4 (Recht); d. Article 2 de l'endopodite 
do P 4 (Rechir); e. Article 2 de l’endopodite <Ie P 4, apparencc lanceolee de lepine 
apieale interne (Pahlevi-Ghazian); /. Article 2 de 1’expodiUi de P 4, apparencc lanceolee 
des opines (Pahlevi-Ghazian); y. Lamelle basale de P 4 (Recht). 


par Kiefer en 1928, qui cependant lie m’etait connu que par les notes 
donnees dans le “ Tierreich ” (1929). En me basant sur cette descrip¬ 
tion il ne m’a pas 6te possible d’identifier mes animaux avec le C . ( M .) 
linjanticus. Dernierement j’ai eu acces a deux etudes plus recentes 
publiies en 1933 et 1938 dans lesquelles Kiefer, utilisant un materiel 
plus abondant provenant des lies de la Sonde et de Formose, a apporte, 
des amplifications et des modifications assez considerables a sa descrip¬ 
tion originale de C. ( M .) linjanticus. A la lumiere de cette redescrip¬ 
tion et des figures qui raccompagnent je me crois a present justifii a 
considirer le C. (M.) tricolor comme identique avec le C. (M.) linjanticus 
nonobstant le fait que certains disaccords subsistent encore. 
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An cours de mcs (lenders voyages en Iran j’ai rencontre cette espece 
en petit nombre dans 7 localites (4 du Sud, 3 du Nord) et je domic des 
mensurations de quelques uns de ces animaux. 

Habitats. - Inde : Parait avoir line repartition generale. 

Iran Nord : Lahidjan, etang a Plnstitut agricole ; Pahlevi-Ghazian, 
etang ; Rccht, mare ; Sari, bassin. 

Iran Sud : Dihak, source d’eau douce dans les montagnes entre Dar- 
ol-Mizan et Kourdeh (region comprise entre Firouzabad et Djam) ; 
Rechir (Richehr) pres de Boucliir, puits d’eau douce ; riviere d’eau douce 
entre Djam et Makkou. 

XII. Remarques sur quelques membres ihj sous-genre Tropo- 

CYCLOPS Kiefer. 

En etudiant il y a quelques annees des 7 T ropocyclops de l’lnde, a 
formule des epines de 3-4-4-3 j’avais trouve qu’ils differaient notable- 
ment de E. (T.) prasinns (Fischer) tel qu’il a etc decrit en Europe. Chez 
les animaux indiens la furca, a branches divergentes, etait considerable- 
merit plus longue (rapport moyen 3*29 : 1) ; la soie apicale mediane 
interne seulement de 3 a 4 fois aussi longue que la branclie de la furca 
(rapport moyen 3*59 : 1) l’epine apicale interne de Particle 3 de l’enp. 
4 le plus souvent un peu plus de 2 fois aussi longue (pie Particle, tandis 
que cette epine n’en attaint, pas 2 fois la longueur chez E. ( T.) prasinus ; 
enfin la cinquietne patte avait une structure bieu differente, possedant 
une epine comparativement tres courte. Commc evidemment les 
specimens de l’lnde re presen taient une forme distincte de E. (T.) pra¬ 
sinus (Fischer) je les avais decrit coniine appurtenant a une espece 
nouvelle que j’avais nominee E. (T.) multicolor. 

Des Tropocyclops a formule des epines (le 3-4-S-3 se sont montres 
beaucoup moins frccpients dans les regions de l’lnde ou mes peches 
ont ete faites. J’ai pu les referer tous sans difliculte a Pespece E. (T.) 
confmis Kiefer. (La distinction (Pune forma frequens , differant seule¬ 
ment dans cc qu’elle presente un article 3 de l’enp. 4 plus court, n’est 
plus justifiee, ce que Kiefer a fait observer lui-meme en 1934). 

Dans un article paru en 1930 Lowndes a attire Pattention sur le 
fait que des Tropocyclops recoltes en Ethiopie, a formule des epines 
de 3-4-3-3, ne possedaient }>as de soie au niveau de l’angle interne du 
deuxieme article basal de P 1, une forte soie etant presente a cet endroit 
chez les animaux d’Europe a formule des epines de 3-4-4-3. Apres 
avoir pris connaissance de ce travail j’ai examine des animaux indiens 
a cet egard et j’ai trouve que les E. ( T .) multicolor a formule des epines 
de 3-4-4-3 possedaient bien cette soie, mais qu’elle manquait chez les 
E. ( T .) confmis , qui appartiennent au groupe des “ terni 

Ayant rapporte des T'ropocydops de 5 localites du Sud de l’lran, 
pays dans lequel aucun representant de ce sous-genre n’etait connu 
jusqu’a present, j’ai pense que l’etude de ces animaux pourrait apporter 
quelques fkits d’interet general. II s’est trouve que tous les animaux, 
sauf un seul, repondaient assez bien aux caracteristiques de T. confinis ; 
l’exception etait une femelle unique aberrante, qui cependant, sans 
aucun doute, doit etre consider^e coniine une T. prasinus teratologique. 

l 2 
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Eucyclops (Tropocyclops) prasinus (Fischer). 

Un seul spdcimen recolte ; une fcmelle d’ une longueur de 852 p. 
(sans soies apicales). Furca a branches paralleles, 2 et denii fois aussi 



Fig. 3. —Eucyclops (Tropocyclops) prasinus (Fischer). 

a. Furca, face dorsale ; b. Lamelle baaalo dc P 1 ; c. Lamelle basalt* et exopodite 
de V 3 (cdt-6 gauche); rf. Lamelle basalo de P 4 ; e. Article 3 de l’endopoditc do P 4 
(e6t6 droit, face dorsale); /. Article 3 de l’cndopodite de P 4 (cote gauche, face ventrale); 

P5. 

longues que larges. Soie dorsale cili6e consid6rablement plus longue 
que la soie apicale externe. Soie apicale m^diane interne 6 fois aussi 
longue que la branche de la furca. Soie apicale externe et soie apicale 
interne de longueur a peu prfes 6gale. Premiere antenne a 12 articles, 
atteignant le milieu du cinqui&me segment thoracique. Formule des 
Opines de 3-4-4-3 du cot6 droit, et de 3-4-3-3 du cot6 gauche. Forte 
et longue soie au niveau de Tangle interne du deuxifcme article basal de 
la premiere paire de pattes. Article 3 de Tendopodite de P 4 a un as¬ 
pect normal du cot4 droit. II est plus de 2 et demi fois aussi. long que 
large et porte deux 6pines apicales dont V interne est 2 fois plus longue 
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que Pexterne ct 1’epine apicale interne beaucoup plus longue que Particle 
lui-meme. Du cote gauche Particle 3 de l’endopodite de P 4 est tera- 
tologique. Au lieu de 2 soies il porte sur le rebord interne 3 soies ; 
l’6pine apicale interne est remplac6e par une longue soie et au lieu d’une 
courte et mince 6pine apicale externe il y a une longue et forte 6pine 
barbelee qui £gale presque en longueur celle de la soie apicale interne. 
Article 2 de l’enp. 4 montrant aussi une structure asym6trique en com- 
parant les deux cot<$s. A droite, longueur : largeur, 40 : 25fi=l*60 : 1 ; 
a gauche, 33 : 27fx=J "22 : 1. P 5 a longue et mince Spine interne. 
Longueur des 3 appendices du dedans au dehors respectivement 42 : 
70 : 50 (x. Le receptacle seminal n’a pas pu etre distingue d’une fa$on 
satisfaisante. Ovisacs appliques contre l’abdomen, atteignant le tiers 
ant6rieur de la furca. Ils contenaient 10 et 12 oeufs. 

Habitats. —Une mare d’eau saumatre a surface couverte d’une couche 
6paisse d’algues vertes, a Mansouriyeh, village a 6 kilometres au nord-est 
de Behbehan. L’unique specimen qui vient d’etre d6crite a 6te r6colt6 
en fevrier dans cette mare, en compagnie d’assez nombreux C. (M.) 
minutus Claus, de plusieurs C. (M.) planus Gurney et d’un seul E. serru - 
latns Fischer. 11 m’a sembl6 etre un fait exceptionnel de trouver un 
Tropocyclops dans ce genre de biotope ; presque tous les animaux de 
ce souH-genre que j’ai recoltcs dans l’Inde et dans l’lran ayant ete peches 
dans de l’eau claire, surtout dans des puits, des citernes et des mares de 
rivieres'. 


Eucyclops (Tropocyclops) confinis Kiefer. 

Les specimens de P Iran a formule des epines de 3-4-3-3 ont differe 
16gerement a certains egards des animaux correspondants de l’Inde. 



Fig. 4. —Eucyclops ( Tropocyclops) confinis (Kiefer). 

a. $ P f> ct segment genital (Baba Hadji); b. y Lamelle basale de P I (I)jam- 
Makkou); c. ( $ P 5 ct 1* b (Baba Hadji). 

Leur furca a en general ete un peu plus longue, la soie dorsale (ciliee) 
mieux developpee, la soie apicale externe de la furca a chez tous ete 
nettement plus longue que la soie apicale interne, enfin, lupine de P 5 
a ete trouvee considerablement plus longue et amincie que chez les 
animaux indiens, cette opine ayant chez ceux-la mesure le plus souvent 
de 35 a 38 p.. Le nombre des oeufs a vari6 de 8 k 15 dans un ovisac. 

Habitats. Baba Hadji, etang eutrophique d’eau douce tres claire, 
a 30 kilometres au sud de Chiraz ; Bourm, mare de rivi&re d’eau douce 
dans la direction de Fal; Djam, mares de riviere d’eau douce sur la 
route vers Makkou ; Tang-Qil, mares de riviere d’eau douce. 
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XIII. Notes sur quelques membres du sous-genre Eucyclops 

s. STR. 


Eucyclops serrulatus (Fischer). 

Dans ma revision des representants indiens du groups serrulatus , 
parue en 1939, j’avais conclu a la possibility de 1’existence (YE. serru¬ 
latus et (VE. agiloides coniine deux especes distinctes, mais j’avais fait 
remarquer qu’ on rencontre de nonibreuses formes de passage reliant 
les deux types extremes, et qu’ on a parfois de grandcs difficulty a 
decider a quelle espece qu’il taut refercr certains animaux. En effet, 
aucune caracteristique isolee ne m a paru posseder a elle seule une valeur 
diagnostique absolue en vue de la distinction des deux formes, et c’est 
seulement la coexistence cliez un meme individu de plusieurs particu¬ 
larity morphologiques qui a rendu possible la separation des deux 
especes en question. Ces remarques s’appliquaient au materiel de 
provenance indienne quc j’avais I'tudie. 

Les faits ont ete un peu differents en ce qui concerne les specimens 
iraniens. De memo quo dans l’lnde des Eucyclops s. str. a longue 
serra sont tres communs dans l’lran et se trouvent dans un grand nom- 
bre d’habitats divers. Cependant il a etc evident qu’ avec une seule 
exception tous les animaux rccoltcs ont bien etc des Eucyclops scrru- 
lotus (Fischer). Ceci aquis il faut toutefois admettre (pie cette espece 



Fio. 5 .—Eucyclops serrulatus (Fischer). ? 

a. $ (2) Eurca, faro ventralo, b. ? (1) Lamelle basalo et onp.4 ; r. y (1) P 5 : d. ? (1) 
Premiere antonno, trois derniers articles : e. $ P f> rt PS. 


puisse offrir des variations tres considerables dans ses dimensions g6n& 
rales, dans la structure de la furca et de ses appendices, dans la con- 
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figuration de l'article terminal de l’enp. 4 et eelle de la cinquieme patte, 
pour ne faire mention (pic des parties lcs plus importantes an point de 
vue diagnostique. 

Toutes les femelles etndiees out ete porteuses d'ovisaes. Leur 
longueur a varie de 8G4 a 1368 p ; la plupart out mesure de 900 ii 1100 p 
(sans soies apicales). La euticulc des segments abdominaux a parfois 
6te ornementee de ran gees de petites fossettes. Les branches de la 
furca out le plus souvent ete bien divergentes ; plusieurs des femelles 
de quelques localites ont cependant presente ties branches paralleles. 



Fm. (>.—Eucydojm serrulatu* (Fischor). 
V Furca face dorsalc (Adjanta). 


Le rapport entre la longueur et la largeur est alle de 3-68 : 1 a 6-58 : 1. 
Le rapport de longueur entre la soie apicale interne et la soie apicale 
externe a varie de 1*03 : 1 a 1*59 : 1, la moyenne pour les 50 femelles 
6tudi6es a et6 de 1*25 : 1 (1*19 : 1 dans le cas des animaux du Sud et 
1*30 : 1 ehez ceux du Nord). Les mensurations de l’article 3 de l’enp. 
4 et des epines apicales sont donnees dans le tableau et il me semble 
inutile de les analyser. L’article a presque toujours ete inf^rieur en 
longueur k celle de l’epine apicale interne ; chez 3 individus cette 6pine 
et l’article ont et6 de longueur egale et chez 4 l’article a depasse en 
longueur celle de l’epine apicale interne. Plusieurs animaux ont pr6- 
sente des Spines des pattes natatoires en forme de lancette. La base 
de l’6pine de P 5 a, chez la grande majority des specimens, et6 plus de 
3 fois aussi large que celle de la soie mSdiane. Le nombre des oeufs 
a varie de 9 a 38 dans un sac, les femelles a oeufs nombreux provenant 
de collections d’eau eutrophiques des provinces Caspiennes. La lon¬ 
gueur du male a vari6 de 627 a 997 (i (sans soies apicales), la plupart 


80 


Records of the Indian Museum . 


[Vol. XLIV, 


mesurant environ 800 y.. La longueur de l’epine interne de la sixi&me 
patte a chez les 19 animaux du Sud varie de 33 a 47 (x et chez ceux du 
Nord de 37 a 50 (x, donnant une moyenne d’environ 41 (x pour le total 
des 38 males Studies. 

Habitats . —Inde : Apparemment reparti dans toute l’6tendue de la 
peninsule indienne y compris le Cachemire, tant au niveau de la mer 
qu’a une altitude sup6rieure a 4,000 metres. Ceylan. 

Iran : Sud. Abd Imam, 6tang oligotrophiquc d’eau douce ; Ahvaz, 
petite mare dans jardin potager municipal pres de la riviere, petite mare 
pres d’un canal d’irrigatiori, bassin dans jardin pres du Karoun, rive gau¬ 
che, etang a l’eau saumatre pres de la eimetiere musulmane ; Behb6han, 
r6servoir souterrain voute, mare de riviere temporaire a l’eau saumatre, 
bassin du jardin national, citerne d’eau de puits saumatre pres de PImam 
Zadeh Bachir-un-Nasir, puits a l’eau saumatre dans les champs, bassin 
de 1’hopital municipal, petite riviere temporaire ; Bender Chahpour, 
mare a Peau saumatre, citerne d eau douce ; Bourm, source d’eau douce, 
mare de riviere entre Bourm et Fal; Chouch (Suse), fosse pr&s de la 
gare, citerne pres de la garc, marecage pres du village ; Chouchter, 
mares dans le lit de la riviere 'Minaou ; riviere Minaou ; Djam, mares 
de riviere entre Djam et Makkou ; Djavakan, mare pres d’un canal; 
Firouzabad, bassin ; Gatch Saran, mare pres d’un torrent d’eau douce ; 
Khorramchahr, fosses, ruisseau (1935) ; Mansouriyeh, mare a surface 
couverte d’algues vertes ; Marghazar, fosse pres de la gare ; Tang-Gaz, 
mares de riviere a l’eau saumatre, environ 6 km. d’Alimedabad ; Tang- 
Qil, mares de riviere a l’eau douce. 

Provinces Caspiennes. Chahi, mare du fieuve Talar, fosse, riziere, 
*autre fosse, fosse pres du fieuve Talar, mare eutrophique pres d’un 
ruisseau ; Gorgan, mare sans vegetation, bassin, autre mare sans vegeta¬ 
tion, autre mare ; Lahidjan, riziere, marais, fosses ; Langueroud, mare ; 
Pahl6vi, riviere, lagune (2 echantilions) ; liamsar, mare pres d’un tor¬ 
rent, petit etang, marais, mare, autre mare ; Reclit, ruisseau; Sari, 
mare, bassin, fosse d’excavation pres de la voie ferrce, riziere. 

Plateau et Est. Broudjerd, etang (1935) ; Chahroud, bassin d’un 
caravanserai 1, mare a fond de feuilles decomposees, mare pres d’un 
canal d’irrigation, bassin de la Banque Mellie ; Chiraz, bassin d’un 
jardin, puits (1935) ; Isfahan, petii etang pres d’un ruisseau, 6tang 
(1935) ; Keredj, mare a feuilles decomposees, petite mare eutrophique, 
mare de riviere a l’eau remplie d’algues, autre mare de riviere sernbl- 
able, mare a vegetation emergente ; Mechhed, bassin (1935) ; Pasghaleh, 
chute d’eau dans de la mousse ; Qoum, riviere a l’eau saumatre (1935); 
Robat-Khan, 6tang salin (1935). 

Conime il a deja etc mentionne YE. senulatus se rencontre dans 
les biotopes les plus divers. On le voit aussi bien dans des 6tangs a 
vegetation abondantc que dans de petites mares d’eau de pluie et des 
bassins oligotrophiques. II n’est pas rare dans l’eau souterraine des 
puits et se laisse pecher assez fr4quemment dans l’eau courante des 
rivieres, et il tolere une grande variation de temperature et de salinity. 
Je donne ci-dessous un tableau recapitulate des habitats dans lesquels 
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je l’ai r6colt6 au cours de mes voyages en automne 1935 et pendant 
l’hiver 1939-40. 


Mares k l’eau douce 




.. 


.. 

17 

Mares k l’eau saumatre 







3 

Bassins .. 







10 

Mares de rivieres a l’eau douce 







7 

Mares de rivieres k l’eau saumatre 







2 

Fosses k l’eau douce 







7 

Fosse k l'eau saumatre . 1 







1 

Etangs d’cau douce 







4 

Etangs d’eau saumatre 







3 

Rivieres et ruisscaux d’eau douce 







4 

Rivieres d’eau saumatre 







2 

Ri/.i^res .. 







3 

Marecages & l’eau douce 







3 

Citernes d'eau douce 







2 

Oitcrne d’eau saumatre 







1 

Reservoir sou terrain d’eau douce 







1 

FuitH k l’eau douce 







1 

Puits k l’eau saumatre 







1 

Source d’eau douce 







1 

Lagunc .. 







2 

Chute d’eau dans de la mousse 







1 


Eucyclops agiloides (Sars). 

J’ai d6ja mcntionne, que tandis que des formes offrant les caract- 
6ristiques d’E. serrulatus sont tres r6pandues dans toute l’Empire, 
je n’ai recolte des animaux repondant a la description d’E. agiloides 
que dans une seule localite (dans le Roud Ambar Safed, tributaire du 
fleuve Mand). 

Une epine peu elargie de la cinquieme patte chez la femelle et une 
Spine ventrale relativement courte de la sixieme patte du male sem- 
blent constituer deux traits essentiels de cette espece dont la significa¬ 
tion reste toujours douteuse, les formes de passage etant nombreuses 
et semblant la relier insensiblement a YE. serrulatus. Des mensura¬ 
tions sont donn&js de quelques animaux sans qu’il ne me soit possible 
a present d’entrer plus en avant dans ce sujet. Les femelles examinees 
avaient les branches de la furca paralleles. 

Habitats .—Inde : Semble se rencontrer dans toute l’6tendue de la 
pGninsule indienne. 

Iran: Tchamelki, riviere a l’eau saumatre (region situ6e entre Djam 
et Firouzabad). 
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Eucyclops speratus (Lilljcborg). 

Dans la revision (16ja mentionnee des especes connues de l’lnde 
du sous-genre Eucyclops s. str. j’avais cru devoir ref6rer a l’espece E. 
speratus des specimens r£coltes d’une petite mare aux grottes d’Adjanta. 
A cette 6poque je n’avais pas ete a mome d’examiner des E . speratus 
d’Europe et je ne connaissais cette forme que d’apres les descriptions 
de Lilljeborg, Sars et Kiefer. Dernierement, grace a la grande obli- 
geance du Professeur Sixten Bock de Stockholm, j’ai pu examiner deux 
femelles (YE. speratus provenant du lac Maelaren en Suede. Cet exa- 
men m’a montre que les animaux d’Adjanta en different trop pour 
pouvoir etre identifies avec E. speratus et qu’ils se rapprochent davan- 
tage d’E. errulatus et doivent, je crois, etre consid£res comme une forme 
a furca tres longue de cette espece. 

Dans un bassin de l’hotel des “ Quatres jardins ” a Isfahan j’ai 
recolte deux femelles et trois males (jui ont offert certaines ressemblances 
tant avec E. speratus qu’avec les animaux d’Adjanta, sans qu’il ait 



Fin. 7 .—Kucytlops speratus (Lilljcborg). 
a. 9 Furca, face dorsale ; b. 9 Article 3 enp. 4 . 


et6 possible de les identifier ni avec Fun ni avec les autres. Par suite 
de l’etat actuel tr&s imparfait de nos connaissances sur E. serrukrfus 
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et son amplitude de variations il lie me ramble pas justifie de dforire 
les animaux d’Isfahan comnie representant une forme nouvelle et je 
me borne k les presenter ici sous le nom A’E. serrnlalus ? et d’en don- 
ner quelques mensurations et des figures. J’ajoute aussi un dessin 
montrant la furca et Particle terminal de l’enp. 4 d’un des specimens 
du lac Maelaren et eelui de la furca d'une femelle d’Adjanta. En ce 
qui concerne les mensurations des animaux de cette derniere localite 
il faudrait se rapporter an tableau p. 397 de la revision d6ja citee. La 
premiere antcnnc atteignait rabattue respectivement le tiers anterieur 
et le bord posterieur du deuxieme segment tlioracique chez les deux 
E. speratus , le tiers anterieur et le milieu du deuxieme segment 
thoracique chez les deux femelle# d’Isfahan, et le bord posterieur 
du deuxieme segment thoracique chez la plupart des individus 
d’Adjanta. L’echancrure anale etait pourvue de petit# poils chez les 
E . speratus et de longs poils chez les animaux d’Isfahan et d’Adjanta. 
Pour autant que je le sache E. speratus Lilljeborg n’a encore jamais 
etc rencontre ni dans l’Tnde ni dans l’lran. 


Eucyclops euacanthus (Sars). 

Je n’ai rencontre des specimens referable# a cette especc (pie dans 
deux localit.es. Dans l’etang d’eau douce a Baba Hadji il s est trouve 
parmi de nombreaux E. farsicus Lind berg une femelle unique qui re- 
pondait bien a la description (VE. euacanthus par Sars et par Kiefer, 
tout en possedant une premiere antenne plus longue. Elle avait une 
furca a branches divergentes, ecart^es a la base, a soie apicale interne 
glabre et courbee, legerement infericure en longueur a celle de la branchc 
de la furca. La serra etait complete, composee d’environ 34 spinules 
peu serrees, les derniere# un peu plus longues que les autre#. L’echan¬ 
crure anale, tres beante, semblait dgpourvue de poils. La premiere 
antenne atteignait, Jorsqu’ elle etait rabattue, le tiers posterieur du 
deuxieme segment cephalothoracique. Les trois derniers articles por- 
taient une membrane hyaline decoupee en petite# spinules tres dis- 
tinctes. Les Opines des pattes natatoires offraient l’aspect typique en 
lancette. L’epine interne de P 5 etait assez courte (30 p) et bien moins 
de deux fois aussi large que la soie medianc de cette patte. Dans une 
riviere a l’eau saumatre a Khorab (au sud de Firouzabad) j’ai recolte 
trois males qui semblaient aussi appartenir a cette meme espece. La 
soie apicale interne de la furca etait courbee et manquait de cils egale- 
ment chez eux, et je n’ai pas pu voir des poils au niveau de l’echancrure 
anale. Les epines des pattes natatoires presentaient la structure lan- 
ceolee. L’epine de P (5 etait considerablement plus courte (pie le deu¬ 
xieme segment abdominal. 


Eucyclops macruroides (Lilljeborg). 

Dans un 6tang eutrophique a l’eau douce a Chahi j’ai trouve quel¬ 
ques individus r6pondant bien aux caract6ristiques d’E. macruroides, 
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tel qu’il a 6t6 decrit par Lilljeborg. J’en donne quelques mensurations 
et des figures. 



Fig. 8 .—Eucyclopa macruroidea (Lilljeborg). 
a. $ (1) Furca, face ventralo ; b. $ (2) Lamelle basalc do P 1 ; <■. ^ (1) Lamelle basale 

de P 4 ; d. Q (2) Lamelle basalc ch V 4; e. 9 (1) Article 3 cup. 4 ; f. V (1) P ; Q- ? (2) P 5 ; 

h. (2) Premiere antenne, deux derniers articles ; t. J Furca, face ventralo ; i. $ P 5 

ct P «. 
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Cyclops (Microcyclops) varicans Sars $ 
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Cyclops (Microcyclops) vat icons Sars $—contd. 
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Eucydops (Tropocydops) prasinus (Fischer). 
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Eucyclops serrulatus (Fischer) $. 
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rivfere a l’eau saum&tre ’ js7 4 
























Mare de rivi&re temporaire 779 73: 20= 3-03: 1 75:50=1-50:1 45:20 = 2-25:1 58:41 = 1-41 : 1 0-7S 

Puits 769 80:17 = 4-70:1 67: 50=1-34:1 _ _ 
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Patite marr a f^uilleh d£f*omi'Os£es 









Eucyclops serrulatus (Fischer) $ —contd. 















Eucyclops speratus (Lilljeborg). 
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NEMATODES PARASITIC IN GRYLLOTALPA. 
lifl M . A. Basik. 

(Depart incut of Zoology. Munlim I'nivorsity, Aligarh, 1*. 1*., India.) 

During recent years nematodes of insects have received renewed 
interest because of the possibility of their use in the biological control 
of insect pests. In this connection several successful experiments have 
already been performed, but most of them are still in the experimental 
stage. In India little work has been done on insect nematodes and 
unless a thorough survey is made of the various nematodes which infest 
the insects of the land, the possibilities of their biological importance 
in the control of insects cannot be assessed. With this end in view the 
author has started making a general survey of nematode parasites of 
insects of this country. 

A very large number of (tryllotalpae were dissected from the Aligarh 
district. Nearly all of them were found to be infected with one or more 
species of nematodes. All the nematodes found are Oxyurid worms 
belonging to the subfamily Thelastomatinae. The material was found 
to consist of five different kinds of worms. Four of them were found 
to represent four new genera for which the following names have been 
proposed 

Gryllocola (gryllocola , gen. et sp. now 

Gryllophila gryllophila, gen. el sp. now 

Talpicola talpicola , gen. et sp. nov. 

Mirzaiclla asiatica , gen. et sp. nov. 

One worm closely resembles Periplancticola mirzaia , a genus described 
by the author in an earlier paper ( 1940 ), but it differs from that species 
in certain characters. The name Periplancticola periplancticola , sp. 
nov. is proposed for it. 


Gryllocola, gen. nov. 

Generic diagnosis. -Thelastomatinae : mouth opening prismoidal, 
surrounded by eight submedian la bio papillae. Cervical and caudal 
alae present. Oesophagus consisting of an anterior club-shaped part 
set off from the posterior valvular bulb by a narrow isthmus. Intestine 
dilated anteriorly to form a slight cardia. Vulva two-third of the body 
length from the anterior end. Tail of female conical. Tail of male 
truncated, bearing four pairs of caudal papillae ; one pair of large sub- 
ventral preanal papillae, one pair of medioventral preanal papillae, one 
pair of adanal papillae, and one pair of postanal subdorsal papillae. 
Ovaries two ; uteri divergent. Eggs oval with a conspicuous polar 
cap. Spicule single. 

Type species.—Gryllocola gryllocola , sp. nov. 

Specific description ,— Gryllocola. 
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Male (Text-fig. 1 e-g). —1-08 mm. long by 150 g wide. Cervical 
and caudal alae present. Cuticular striations present only in the cervi¬ 
cal region, anterior to the nerve ring. First two annules very large, 



Text-fig. 1 . —Gryliocola gryllocolu , gen. et sp. now 

«. Adult female entire, b. Female, tail, lateral view. c. Female, oesophageal 
region, d. Eggs. e. Male, entire, lateral view. /. Male, oesophageal region, g. 
Male, caudal region, ventral view. h. Female, head, en fac e view. 

each about 18 g wide, remaining annules 6 g apart. Buccal cavity 
long and cylindrical, 30 g deep by 15 g wide. Oesophagus 310 g long, 
consisting of a corpus 245 g long by 25 g wide, an isthmus 16 g long 
by 10 g wide and a posterior valvular bulb 65 g long by 55 g wide. 
Nerve ring 150 g from the anterior end of body. Excretory pore not 
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observed. Anus near the posterior extremity, ventral ly situated. Tail 
completely truncated. Caudal papillae consisting of one pair of large 
subventral preanal, one pair of medioventral preanal, one pair of adanal 
and one pair of subdorsal postanal papillae. Subventral alae present. 
Testis single. One spicule with a broad and blunt head, 18 p. long. 

Female: (Text-fig. 1 a-d, h). —1-35 mm. long by 180 p. wide. Cuticle 
inconspicuously striated ; striations 6 p. apart. Cervical and caudal 
alae present. Oral opening prismoidal with three inner cuticular pro¬ 
jections, surrounded by eight submedian labiopapillae. Amphids or 
lateral organs appear as small circular openings. Buccal cavity not 
conspicuous. Oesophagus 310 p. long, consisting of a corpus 220 [x 
long by 27 p. wide, an isthmus represented by a narrow constriction 
20 (x wide, and a posterior valvular bulb 90 [x long by 80 p. broad. Nerve 
ring 150 p. from the anterior end of body. Excretory pore not observed. 
Intestine enlarged anteriorly to form a slight cardia. Anus 170 |x from 
the posterior end of body. Tail conical. Vulva 850 p. from the anterior 
end of body. Ovaries two ; uteri divergent. Eggs approximately oval, 
45 p, to 50 p. long by 27 p. wide, with a conspicuous polar cap. 

Host.—Gryllotalpa , sp. 

Location. —Intestine (rectum). 

Type locality. —Aligarh (Northern India). 

Type specimen.- (Keg. No. W3456/1) is deposited in the Zoological 
Survey of India (Ind. Mus.), Calcutta. 

Gryllophila, gen. nov. 

Generic diagnosis. Thelastomatinae : Mouth opening triangular, 
surrounded by a circumoral elevation and eight labiopapillae. Oeso¬ 
phagus consisting of an anterior corpus, an isthmus distinctly set off 
from the corpus and a posterior valvular bulb. Intestine dilated 
anteriorly to form a big cardia. Vulva 77 per cent of the body length 
from the anterior end. Ovaries two ; uteri parallel. Eggs ellipsoidal ; 
segmentation begins at the time of deposition. Tail of female conically 
attenuated. Tail of male attenuated, ending in a short pointed append¬ 
age which is abruptly set off from the body. Spicule single. 

Type species. -Gryllophila gryllophila , sp. nov. 

Specific description.—Gryllophila : 

Male: (Text-fig. 2 e-g). 1*17 mm. long by 170 p. wide. Body 

annulated throughout its whole length. First annule very big, 40 p. 
wide, second 15 p. wide and the third 18 p. wide. The following annules 
continually and regularly increase in width till about the middle of the 
body some of them reach the width of 40 p.. Posteriorly they regularly 
decrease in size, the posterior most annule being only 22 p. wide. Buccal 
cavity cylindrical, 12 p. deep by 8 p. wide. Oesophagus 200 p. long, 
consisting of a corpus 115 p. long by 20 p. in maximum width, an isthmus 
40 p. long by 10 p. wide and a posterior valvular bulb 45 p. long by 40 (x 
wide. Nerve ring 125 p. from the anterior end of body. Excretory 
pore not observed. Anus 115 p. from the posterior end of body. Tail 
attenuated, ending in a short pointed appendage which is abruptly 
set off from the body. One spicule, 50 p. long. 
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Female: (Text-fig. 2 a-d). —2*8 mm. long by 350 p in maximum 
width. Cuticle conspicuously striated. First annule 17 p wide ; width 



Trxt-fiu. 2. -(Jryllophila gryllophila, gen. ft sj>. nov. 

a. Adult female, entire, lateral view. b. Female, head, en face view. c. Female 
oesophageal region, d. Female, tail, lateral view. e. Male, entire, lateral view. /. 
Male, caudal region, lateral view. g. Male, oesophageal region. 


of the following annules increasing till it reaches its maximum in the 
ninth annule which is 50 p wide. Posterior to the ninth annule a width 
of 30 p is regularly maintained till we reach the position of the vulva 



1942.1 M. A. Basir : Nematodes in Urvllo'alpa. 99 

behind which the width of the annules strain decreases to 10 (jl. Oral 
opening triangular, surrounded by a circumoral elevation and eight 
submedian labiopapillae. Amphids present in the form of small circular 
openings. Buccal cavity cylindrical, 20 p. deep by 10 p. wide. Oeso¬ 
phagus 453 (jl long, consisting of a corpus 300 p. long by 40 p. wide, an 
isthmus 43 p. long by 35 p. wide, and a posterior valvular bulb 110 p. 
long, by 100 p, wide. Nerve ring 210 p from the anterior end of body. 
Excretory pore not observed. Intestine dilated anteriorly to form a 
big cardia. Anus 320 p. from the posterior end of body. Tail coni¬ 
cally attenuated. Vulva in the posterior third of the. body, 2*17 mm. 
from the anterior end. Ovaries two ; uteri parallel. Eggs ellipsoidal. 
150 p. long by 80 p. wide ; segmentation begins before deposition. 

Host . - -(iryllotalpa , sp. 

Location. -Intestine (rectum). 

Type locality. Aligarh (Northern India). 

Type specimen. (Reg. No. W3457/1) is deposited in the Zoological 
Survey of India (Iml. Mux.), Calcutta. 


Talpicola, gen. nov. 

Generic diagnosis. Thehistomatinae : Male unknown. 

Female with mouth opening sub-triangular, surrounded by eight 
labiopapillae. Lateral alae present. Oesophagus consisting of a 
cylindrical corpus followed by a very short isthmus not distinctly 
separated either from the corpus or from the following posterior valvular 
bulb. Buccal cavity broad and cylindrical. Excretory pore much 
behind the base of oesophagus. Tail conical. Vulva near middle of 
body. Vagina directed anteriorly. Ovaries two : uteri divergent. 
Eggs oval, with a conspicuous polar cap. 

Type species - Talpicola talpicola, sp. nov. 

Specific description. --Male unknown. 

Female : (Text-fig. 3 a-e). 2*7 mm. long by 170 p, wide. Lateral 

alae present. Body not striated. Oral opening sub-triangular, sur¬ 
rounded by eight submedian labiopaillae. Amphids appear as small 
circular openings. Buccal cavity 25 (jl deep by 22 p. wide. Oesophagus 
325 p. long, consisting of a cylindrical corpus 235 p. long by 35 p. wide, an 
isthmus 10 p. long b^ 30 p. wide not distinctly set off, and a posterior 
valvular bulb 80 p. long by 85 p. wide. Nerve ring 120 p, from the 
anterior end of body, situated near the middle of corpus. Excretory 
pore posterior to base of oesophagus, 550 p. from the anterior end of 
body. Intestine enlarged anteriorly to form a cardia. Anus 135 p. from 
the posterior end of body. Tail conical. Vulva near middle of body, 
1*42 mm. from the anterior end. Vagina directed anteriorly. Ovaries 
two; uteri divergent. Eggs oval, 55 p. long by 30 p, wide, with 
a conspicuous polar cap ; segmentation begins before deposition. 

Host . —Gryllotalpa , sp. 

Location .—Intestine (rectum). 

Type locality .—Aligarh (Northern India). 



100 


Records of the Indian Museum. [ Vol. XLIV, 


Type specimen. —(Reg. No. W3458/1) is-deposited in the Zoological 
Survey of India (Tnd. Mm.), Calcutta. 



T’kxt-fio. 3. -Talpicola talpicola , gen. et sp. nov. 

a. Adult female, entire, lateral view. b. Female, head, en face view. c. Female, 
anterior region, d. Female, tail, lateral view. e. Egg. 


Mirzaiella, gen. nov. 

Generic diagnosis .—Thelastomatinae : Oral opening small and sub- 
triangular, surrounded by three well developed lips ; the dorsal lip 
bears four papillae on its external surface and the ventro-lateral lips 
bear two papillae each. Amphids are present, opening externally near 
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the dorsal part of the ventro-latcral lips. Cuticle striated only anterior 
to the nerve ring. Buccal cavity long, partly covered by the oesopha¬ 
gus. Oesophagus very long, occupying more than 25 per cent of the 
body length, consisting of an anterior corpus, an isthmus and a posterior 
valvular bulb. Excretory pore anterior to base of oesophagus. Intes¬ 
tine dilated anteriorly to form a big cardia. Tail short and rounded. 




mi 


life 
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Tkxt-ftg. 4. —MirzaMa asiatica , gen. et sp. nov. 

a. Adult female, entire, lateral view. b. Female, head, en face view. r. Female, 
oesophageal region, d. Female, tail, lateral view. e. Egg. 

bearing a caudal appendage which is distinctly set off from the body. 
Vulva two-third of the body length from the anterior end. Vagina 
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long and muscular, directed anteriorly. Ovaries two ; uteri divergent. 
Eggs oval, with a conspicuous polar cap. 

Type species.—Mirzaiella asiatiea , sp. nov. 

Specific description.—Mirzaiella : Male unknown. 

Female: (Text-fig. 4 a-c). 2*2 mm. long by 360 p wide. Cuticle 

transversely striated only anterior to the nerve ring. Anterior 
annules 11 (jl wide and posterior ones up to 15 p wide. Mouth small 
and sub-triangular, surrounded by three well developed lips ; the dorsal 
lip hears four papillae on its external surface and the ventro-lateral 
lips bear two papillae each. Amphids open externally towards the 
dorsal part of the ventro-lateral lips. Buccal cavity 75 p long by 11 
p wide. Oesophagus 620 p long, consisting of a corpus 510 p long by 
40 p in maximum width, an isthmus 22 p long by 22 p wide and a 
posterior valvular bulb 85 p long by 108 p wide. Nerve ring 270 p 
from the anterior and of body. Excretory pore anterior to base of 
oesophagus, 550 p from the anterior end of body. Intestine dilated 
anteriorly to form a big cardia. Anus 215 p from the posterior end of 
body. Tail short and rounded, bearing a caudal appendage 130 p long, 
the latter being longer in younger females. Vulva 1-55 mm. from the 
anterior end of body. Vagina long and muscular, directed anteriorly, 
Ovaries two ; uteri divergent. Eggs oval, 70 p long by 45 p wide, 
with a cospicuous polar cap. 

Host - Gryllotalpa , sp. 

Locution. —Intestine (rectum). 

Type locality. -Aligarh (Northern India). 

Type specimen. -(Reg. No. W3459/l)is deposited in the Zoological 
Survey of India (Ind. Mus.). Calcutta. 

Genus Periplaneticola Basil*, 1940. 

Generic diagnosis. Thelastomatinae: Male unknown. 

Female/with. mouth opening sub-triangular, surrounded by a circumo- 
ral elevation and eight labiopapillae. Amphids appear as small circular 
openings. Oesophagus consisting of an anterior corpus followed bv a 
distinct isthmus and a posterior valvular bulb. Nerve ring about 
two-third of the length of corpus from its anterior end. Tail of female 
very characteristic ; short and blunt, with a very small caudal 
appendage distinctly set off from the body. Vulva two-third or more 
of the body length from the anterior end. Ovaries two; uteri 
divergent. Eggs oval, with a conspicuous polar cap. 

Periplaneticola periplaneticola, sp. nov. 

Specific description. -Periplaneticola : Male unknown. 

Female : (Text-fig. 5 a-e). —2-6 mm. long by 350 p in maximum width. 
Cuticle striated only in the cervical region ; in all only nine annules pre¬ 
sent. First annule 15 p wide, remaining annules 8-5 p wide each. Lateral 
alae, preseitf. Oral opening sub-triangular, surrounded by a circumoral 
elevation and eight labiopapillae. Amphids appear as small circular 
openings. Buccal cavity cylindrical, partly enveloped by the oesopha¬ 
gus, 18 p deep by 10 p wide. Oesophagus 400 p long, consisting of a 
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Text-kio. f>. —P enplane ticola penplaneticola, sp. nov. 

a. Adult female, entire, lateral view. b. Female, head, en face view. c. Female, 
anterior region, d. Female, tail, lateral view. e. Egg. 


from the anterior end of body. Excretory pore much behind the base 
of oesophagus, 610 p from the anterior end of body. Intestine enlarged 
anteriorly to form a slight cardia. Anus 90 p from the posterior end 
of body. Tail short and blunt with a very small pointed caudal 
appendage, 35 p long, distinctly set off from the body. Vulva 1*85 mm. 
from the anterior end of body, 71 per cent of the body length from the 
anterior end. Ovaries two ; uteri divergent. Eggs oval, 55 p long by 
35 p wide, with a conspicuous polar cap. 
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Periplaneticola was described as a new genus by the writer in the 
paper cited and one species Periplaneticola mirzaia , was described from 
the intestine of Periplaneta americana. Since that description was 
based on a single non-gravid female, it could not be complete. No 
eggs were seen and the form of oral opening and head papillae could 
not be described. The present specimens were obtained from Gryllo 
talpa and resemble Periplaneticola mirzaia to a great extent; but there 
are certain characters which do not allow the two to be put together 
under the same species. The absence of alae, the extent of cuticular 
striations on the body, and the position of vulva in Periplaneticola 
mirzaia , are characters sufficient enough to separate the two as dis¬ 
tinct species. 

Host.—Gryllotalpa sp. 

Location .—-Intestine (rectum). 

Type locality .—Aligarh (Northern India). 

Type specimen.--(Reg. No. W3460/1) is deposited in the Zoological 
Survey of India (Ind. Mus .), Calcutta. 


Key to the species of the genus Periplaneticola. 

1. Lateral alae absent. Cuticle striated through¬ 

out the whole length of the body. Vulva 
66 per cent of the body length from the 
anterior end .. .. .. .. .. P. mirzaia. 

2. Lateral alae present. Cuticle striated only 

in the cephalic region. Vulva 71 per cent 

of the body length from the anterior end .. P. periplaneticola . 

Key to the genera of the sub-family Thelastomatinae. 


1. Corpus of oesophagus terminated posteriorly 

by a pronounced swelling at least in female 2 

Corpus of oesophagus not terminated by a pro¬ 
nounced swelling .. .. .. .. 6 

2. Anterior and posterior parts of corpus not dis¬ 

tinctly set off. Aorurus. 

Anterior and posterior parts of corpus distinctly 
set off.3 

3. Corpus terminated by a subcylindrical swelling Leidynema. 

Corpus terminated by an ovoid or subspherical 

swelling .. .. .. .. .. .. 4 

4. Corpus terminated by a subspherical swelling .. LeidynemeUa. 

Corpus terminated by an ovoid swelling .. .. 5 

6. Tail of female filiform .. .. .... Hammerschmidtieila. 

Tail of female conical .. .. .. .. GaleineUa. 

6. Eggs encapsulated or covered with spiral threads 

t (often in two’s or three’s) .. .. .. 7 

Eggs not covered as above .. .. .. 8. 

7. Eggs covered by spiral threads .. .. .. Pseudonym us. 

Eggs encapsulated, not covered by spiral 

threads .. .. .. .. .. .. Binema. 

8. Corpus of oesophagus of female very short .. 9 

Corpus of oesophagus of female not very short 11 

9. Vulva near middle of body .. .. .. Talpicdla. 

Vulva much posterior to middle of body .. 10 

10. Tail of female conical .. . • .. .. Blatticola . 

Tail of female attenuated .. .. .. Blattelicola. 
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11. Corpus distinctly enlarged in form of a sub- 

spherical swelling at base of buccal cavity .. 
Corpus subcylindrical, without any form of 
enlargement 

12. Tail conical or nearly conical in both sexes 
Tail filiform, attenuated then delicately 

filiform, or very sharply set off in both sexes 

13. Head of female with dorsodorsal and ventro- 

ventral simple papilae and laterodorsal and 
lateroventral labiopapillae 
Head of female with all eight cephalic papillae 
in form of labiopapillae 

14. Female with one ovary 
Female with two ovaries 

16. Oral opening surrounded by three lips 
Oral opening not surrounded by three lips 
10. Tail of female filiform or very delicately atten¬ 
uated .. 


Blattophila. 

12 

13 

14 


Sevirianoia. 

C'ephalobellus. 

Galebia. 

16 

16 

17 

Fontonema. 


Tail of female short and round bearing a caudal 
appendage 

17. Tail of male extremely short, degenerate 

Tail of male delicately attenuated or filiform .. 

18. Vulva anterior to middle of body 
Vulva much posterior to middle of body 

19. Uteri divergent 
Uteri parallel 

20. Tail conical 

Tail short and blunt with a very small caudal 
appendage attached to it 


Mirzaiella. 
Eurycoma. 
Thelastoma. 
Suifunema. 

19 

20 

Gryllophila. 
Qryllocda. 

P triplan eticola . 


Summary. 

'Four new genera and one new species of nematodes have been 
described from the intestine of Gryllotalpa (Gryllidae). All of these are 
Oxyurid worms belonging to the subfamily Thelastomatinae. The 
key to the genera at present included in the subfamily Thelastomatinae 
is given above. 
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I. Introduction. 

In February-March 1941, a party of the Zoological Survey of India 
under Dr. B. N. Chopra, and consisting, in addition, of the writer, 
Mr. K. N. Das and a taxidermist, made a brief zoological survey of the 
Hoshangabad District in the Central Provinces. Dr. B. Prashad, the 
Director, was also with the party for a few days. Some 88 bird skins 
were collected and field-notes taken. The following is a report on this 
collection. Two skins, one of a warbler, Phylloscopus , and the other 
of a dove, Streptopelia , which could not be satisfactorily identified, are 
not included. 

The Hoshangabad District .—This district, which is one of the western 
districts of the Central Provinces, lies between latitudes 21° 53' and 
22° 59'N. and longitudes 76° 47' and 78° 44'E. It stretches along the 
left bank of the Narbada, between the Vindhya Mts. and the Satpura 
Range of which the Mahadeo Hills may be regarded as a part; it includes 
a portion of the Satpura Range within its borders. It is a narrow strip 
of country about 120 miles broad from east to west and roughly 25 miles 
wide from north to south, and covers an area of 3,676 square miles. 

The southern half of the district is occupied by the Satpura Range 
(highest point about 4,500 feet above sea level) with its moderately dense 
forests. The northern half consists of open plains which are irrigated 
by the Narbada and grow largely wheat. 

The average temperature varies from about 52° to 108°F. in the 
plains, while the hills are colder. The average annual rainfall is about 
47 inches, being mainly received during five monsoon months, June to 
October. In the Mahadeo Hills, e.g ., Pachmarhi, the rainfall is heavier, 
averaging 77 inches annually. [For further details and map of' the 
district, see Hora and Nair 1 .] 

The collection was made partly in the Mahadeo Hills (Pachmarhi 
Plateau) and partly in the plains. Ecologically, the two areas are 
different, and many species found at Pachmarhi are either rare or 
absent in the plains. Both the areas are treated here together 
for sake of the convenience. 




Hora, S. L. and Nair, K. K., Bee. Ini. Mu*. XLIII, pp. 361-373 (1041). 

f 107 1 
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The itinerary. The following is the itinerary of the tour : 

1. Mahadeo Hills. 

Pachmarhi. Feb. 8th to 17th. The Pachmarhi Plateau is 3,500 ft., 
the surrounding hills about 1,000 ft. higher. We collected on the Pach¬ 
marhi Plateau and in the surrounding hills and jungles, especially in 
the vicinity of hill streams. 

Singamima. Feb. 18th to 20th. This is a village on the Pachmarhi- 
Pipariya Road, about 14 miles from Pachmarhi and lying at the foot 
of the hills. We collected in the forest near ft. Denwa. The area is 
excellent, and very rich in bird life. 

2- Plains. 

Sarulia on R . Narbada.- Feb. 21st. This is a village on the bank of 
the Narbada, about 12 miles from Pipariya (infra). We collected on 
the river bank. 

Pipariya. —Feb. 22nd to 23rd. We collected in the fields in the 
neighbourhood and also around the town. 

I tarsi. —Feb. 24th to 2fith. We collected on the meadows and 
along the stream not far from the town. 

Handia on R. Narbada.— Feb. 27th. This is a village on the bank of 
the Narbada, about 13 miles from Harda (infra). We collected on the 
river bank. 

Harda . Feb. 28th to Mar. 5th. We collected around the town, 
especially along the railway line. 

Ornithology of the District. Besides OsmastonV (1922 ; * 1936) 

■ comprehensive lists of the birds of the Pachmarhi Plateau, there is no 
noteworthy published account of the birds of the Hoshangabad District. 
Ali and Whistler 2 (1939 ; 1940) have recently published an account of 

the birds of the western half of Central India lying just north of the 
Hoshangabad District, and the present report, though incomplete, 
may be regarded as complimentary to that account. 

Measurements and sex.- Measurements were taken as follows:— 
Wing : Chord from the bend of the wing to the tip of the longest primary, 
with the quills flattened out. Tail: From the insertion of the central 
rectrices in the uropygium to the tip. Tarsus : From the tarso-metarsal 
joint to the metatarso-digital joint. Bill: From the junction of the 
bill with the skull to the tip— this is as a rule longer than the “ exposed 
culmen ”. 

The sex was determined in each case by an examination of the gonads. 
When this was not done, the sex is indicated within brackets. 

Local names. - These were ascertained for a few birds at Pachmarhi 
by carefully questioning the local bird-catchers, and are given under 
the species concerned. The names are in the local Hindi. 


1 Osmaston, B. B., Journ. Bombay Nat. Hist. Soc. XXVIII, pp. 453-459 (1922); 
and Birds, in Guide to Pachmarhi , pp. 62-71 (1936). 

* Ali, S. and Whistler, H., Journ. Bombay Nat. Hist. Soc. XLI, pp. 82-106 (1939); 
Journ. Bombay Nat. Hist. Soc. XLI, pp. 470-488 (1940). 
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II. Weights. 

The weights of Indian birds, though recorded in older writings, are 
seldom recorded in recent reports of collections. The following are 
the weights of some of the birds in the present collection. The birds 
were weighed within about 5 hours of being shot. Loss of blood and 
some feathers constitute a source of error. Nevertheless, it is hoped 
that the data will provide interesting information which is generally 
lacking for Indian birds. The systematic value of these weights is, 
however, not clear. Generally, the weights are in grammes, but those 
of some of the larger birds are in pounds. 

Ocd. PASSEREB. 


Fain. Corvidae. 

Dendrocitta vagnbunda vagabuiida (Lath.)—1 9 (near breeding) : 106*6 gms. 

Fain. Pa hi dae. 

Parus major mahraltarum Hart.— l (non - breeding) : 11*7 gms. 

Machlolophus xanlhogenys aplonotvs (Bly.)—2 33 (non-breeding) : 14*1-15*2 gms. 

Fam. {Sittidae. 

Silta castanea castanea Less.—1 3 : 12*0 gms. 

Fam. Timaludae. 

Turdoidts somervillei (subsp. ?)—1 9 •* 70*8 gms. 

Argya caudata caudata (Dumont) -2 33 (near breeding) : 40* 4-40*5 gms. 

Chloropsis jerdoni (Bly.)—l 3 (non-breeding) : 24*5 gms. 

Fain. Pvcnonotidae. 

Molpaste8 cafer pallida# Stuart Baker- -1 9 (non-breeding) : 30*0 gms. 

Fain. Turoidak. 

Saxicola caprata ?bicolor Sykes—I (3) : 13*3 gms. 

I (?): 12*5 gms. 

Maxicola torqwita indica (Bly.)—1 3 (non-breeding) : 13*0 gms. 

Phoenicurv# ochrnro h rvjiventris (Vieil.)—1 (J): 16*8 gms. 

Copsychus saularis smtlaritt (Linn.)—1 V (non-breeding) : 32*1 gms. 

Monticola solitaria pandoo (Sykes)—2 33 (non breeding) : 43*4-46*7 gms. 

, 19 (non-breeding) : 42*5 gms. 

Myophonus cocruleus hrrrsjieldii Vig.—1 (sex?) : 120*5 gms. 

Fam. Muscuapidae. 

Culicicapa ccylonmsis ceyloncntti* (Swain.)—1 (sex?) : 7*2 gms. 

Leucocirca aurtola aureola (Less.)—1 9 : 10*0 gms. 

Fam. Laniidak. 

Lanius 8chach ferythronotu* (Vig.)—3 33 (non-breeding) : 34*8-37*2 gms. 

Fam. Campkphagidae. 

Perietocotus peregrinua pcregrintis (Linn.)—2 ad. 33 (non-breeding) .* 8*2-8*6 gms. 

1 irnrn. 3 • 8*5 gms. 

Graucalus macei mapei Less.—2 33 (non-breeding): 85*0-80*0 gms. 

1 9 (non-breeding): 80*0 gms. 


Fam. Dicrijridae. 

Dicrurus macrocercuajpeninsularis Tioeh.—1 ad. 9 : 44*1 gms. 

1 imm. 3 : 46*0 gius. 

j l)%cruru8 caerulescefia gaerulesccns (Linn.)—1 3 : 37*4 gms. 


«»3 
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Fam. Fringillidae. 

Carpodacus erythu a h n>smhn (Bly.)—1 $ (non-bfeeding) : 20*5 gms. 

Gymnoria zanthocollia xantfuu u1h<t (Hurt.)—3 (non-breeding) : 17*0-18*7 gras. 

1 (sex?) : 10*1 gms. 

Fam. Motac i! i.idak. 

Motncilla maderaapatenaia J. F. Om.—1 (sex?): 35-7 gms. 

Motacilla cinerea caapica (S. G. Gm.)—1 (sox?): 17*0 gms. 

Anthus hodgaoni hodgaoni (Richm.)—1 $ : 19*8 gms. 

Fam. Alaudidae. 

Ammomaneaphoenicura phoenicura (Frank.)—2 <3$ (noar breeding) : 25*7-27-4 gms. 

1 $ (noar breeding) : 25*7 gms. 

Fam. Nectariniidae. 

Leptocoma asiatica asiatica (Lath.)—1 ^ (near breeding): 8*0 gms. 

Ord. CORACII FORMES. 

Fam. Picidae. 

Dryobatea mahraUenais (subsp. ?)—1 (sex?): 34*2 gms. 

Fam. Capitonidae. 

Thereiceryx zeylanicus (subsp. ?)—1 (near breeding) : 115*5 gms. 

Fam. Psittacidae. 

Paittacvla cyanocephala cyanocephala (Linn.)—1 ( r f) ’ 54*0 gms 

1 9 : (near breeding ?) : 71*4 gms. 

Fam. Coraciidae. 

Coracipa benghalenaia benyhalensis Linn.—1 J (non-brooding) : 121*5 gms. 

Fam. Mebopidae. 

Meropa orientalia orientalia Lath.—2 (non-breeding) : 15*5-17*4 gms. 

1 9 (non-bleeding) : 16*3 gms. 

Fam. Alcedinidae. 

Ceryle rudia leucomelanura Roiehen.—1 c ? (breeding) : 76*6 gms. 

1 9 (brooding) : 90*0 gms. 

Alcedo atthia taprobana Kleinseh.—1 <$ (near breeding) : 22*7 gms. 

Halcyon amyrnenaia ?amyrnenaia (Linn.)—1 d (non-breeding) : 74*0 gms. 

Fam. Upupidae. 

Upupa epos ceylonetiaia Reichenb.—2 <$<$ (brooding): 52*7-55*2 gms. 

Fam. Asionidae. 

Athena brama indica (Frank.)—1 d (near breeding) : 111*0 gms. 

Qlaueidium radiatum radiatum (Tick.)—2 dd (near breeding ?) : 90*5-111*7 gms. 

1 9 (near breeding ?) : 112*0 £ms. 

Ord. ACCIPETRES. 

Fam. Aegypiidae. 

Peeudogypa bangalenaia (J. F. Gm.)—1 d (non-breeding): 10J lbs. 

Neophron parenopterua ginginianua (Lath.) — 1 (sex?) : 3 lbs. 
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Ord. COLUMBAE. 

Fam. Columbidae. 

Streptopelia orientalis mcena (Sykes)—1 (non-breeding): 190-7 gms. 

Streptopelia chinensis mratensis (J. F. Ora.)—1 9 : 120*4 gms. 

Streptopelia senegalensis cambayensis (J. F. Gm.)—1 $ (non-breeding): 81*0 gms. 
Streptopelia decaocto decaocto (Frivald.)—1 (non-breeding) : gms. 

Ord. CHARADRIIFORMES. 

Fam. Charadriidae. 

Lobivanellus indicns indicns (Bodd.)—1 9 (near breeding): 117*0 gms. 

Earn. Scolopacidae. 

Tringa hypoleucos Linn.*—1 <£ : 43-3 gms. 


III. Systematic Account. 

Order PASSERES. 

Family Corvidae. 

Dendrocitta vagabunda vagabunda (Latham). 

(The Indian Tree-Pie.) 

Specimen obtained — 

Pachmarhi.—1$, 10.2.41. 

Measurements (mm.)— 

Wing. Tail. Tarsus. Bill. 

1 9 .. .. 155 255 32 30 

Colour of bare parts. —Iris dark brown. Bill ashy black. Legs, 
feet and claws horny black. 

Field notes. —Very common on trees at Pachmarhi, going about 
either singly or in twos and threes. Not seen elsewhere. 

The ovary of the $ (Feb. 10th) was enlarged and measured 11x7 
mm. ; the largest egg follicle measured 2x2 mm., suggesting breeding 
in the near future. 

Osmaston (1922, p. 453) says it is very common on the Pachmarhi 
Plateau and breeds in April-May. 

Ali and Whistler (1939, p. 85) recorded it as common in western 
Central India. 

i Family Paridae. 

Pams major mahrattarum Hartert. 

(The Southern Grey Tit.) 

Specimen obtained — 

Around Pachmarhi.—1 $, 17.2.41. 

Measurements (mm.). 

Wing. Tail. Tarsus. Bill. 

1<? 63 54 28 

. Colour of bare parts. —Iris dark chocolate. Bill black. Legs, feet 
and claws slaty. Pads dirty pale grey. 
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Field notes .—A few seen singly at Pachmarhi. 

The testes of the J (Feb. 17th) were in the non-breeding condition 
and measured lxl mm. 

Osmaston (1922, p. 453) says it is fairly common at Pachmirhi and 
is resident; the breeding season is not given. 

In western Central India, Ali and Whistler (1939, p. 85) found it 
common ; family parties were noted in August and September. 

Machlolophus xanthogenys aplonotus (Blyth). 

(The Southern Yellow-cheeked Tit.) 

Specimens obtained — 

Pachmarhi.—1^, 12.2.41 ; 1^, 2nd week Feb, 1941. 
Measurements (mm.)— 

Wing. Tail. Tarsus. Bill. 

2 <?c£ .. 69-72 54-59 18-20 13 (1 <$) 

Field notes. -Not uncommon at Pachmarhi. 

The testes of the two males, were in the non-breeding condition and 
measured lxl mm. 

Osmaston (1922, p. 453) says it is fairly common in Pachmarhi and 
breeds in April-May. 

In western Central India, Ali and Whistler (1939, p. 86) found it at 
several places including Chanderi in the Gwalior State which is the most 
northerly place where aplonotus has hitherto been recorded. Courting 
couples were noted at the end of March and family parties with young 
in August and September. 


Family SlTTlDAE. 

Sitta castanea castanea Lesson. 

(The Chestnut-bellied Nuthatch.) 

Specimen obtained - 

Pachmarhi.- 1^, 10.2.41. 

Measurements (mm.)— 

Wing. Tail. Tarsus. Bill. 

1<? 72 39 18 19-3 

Colour of bare parts. —Upper bill horny black, darker at tip ; lower 
bill pale ashy at base, dark horny at tip. Legs, feet and claws horny. 
Pads pale yellow. 

Field notes. —One seen at Pachmarhi. 

Osmaston (1922, p. 454) says it is common at Pachmarhi and breeds 
in April-May. 

Ali and Whistler (1939, p. 86) found it occurring in pairs or family 
parties of 3 or 4 in the Indore and Dhar States in western Central India. 

Note. —On Feb. 12th on the Paohmarhi-Pipariya road about two miles from Pach¬ 
marhi I noticed a pair of Sitta frontalis sitting on a nest on a tree and evidently feeding 
the young ones. Unfortunately I could Pot secure the specimens, but I am certain 
they were not S. c. castanea. However, the fact that Osmaston (1922, p. 454) doe§ not 
include S. frontalis in his Pachmarhi list makes me somewhat uncertain of my ftdentihoa- 
tion. 
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Family Tlmaljidae. 

Turdoides somervillei (subsp.?). 

(The Jungle Babbler.) 

Specimen obtained — 

Pachmarhi.—1$, 10.2.41. 

Elsewhere noted at: Harda. 

Measurements (mm.)— 

Wing. Tail. Tarsus. Bill. 

1? .. .. 107 112 37 25*5 


Colour of bare parts. —Iris very pale straw-yellow with a central 
very thin dark brown ring. (Osmaston, 1930, p. 17, gives the iris as 
white.) Bill pale straw-yellow with a faint fleshy tinge ; tip pale horny. 
Legs, feet and pads, as bill. Claws fleshy horny. 

Local mime. —“ Gayanga.” 

Field notes. —Extremely common at Pachmarhi, usually abounding 
near habitations and in thin jungle and keeping to bushes and low trees ; 
occurs in small or big (up to 30 or 40) parties ; feeds on the ground. 


Fairly common at Harda. 

Osmaston (1922, p. 453) too found it common on the Pachmarhi 
Plateau. ^ 


In western Central India, Ali and Whistler (1939, p. 80) found 1\ s . 


orientalis common in the forests. 


Argya caudata caudata (Dumont). 


(The Common Babbler.) 


Specimens obtained — 

Itarsi.—2&J, 25.2.41. 




Measurements (mm.)— 



• 

Wing. 

Tail. 

Tarsus. 

Bill. 

2 .. .. 79-80 

109-112 

29-30 

19-20 


Colour of bare parts.- Iris brown. Bill earthy brown, tip smoky. 
Legs, feet and pads dull pink. Claws pale smoky. 

Field notes. —Fairly common at I tarsi. Seen in groups of 4 or 5 on 
bushes and low trees. 

The testes of two males (Feb. 25th) were enlarged and measured 
6x4 and 7x5 mm., suggesting breeding. 

This babbler evidently does not occur on the Pachmarhi Plateau 
where 1 did not see it; nor does Osmaston (1922) record it. 

Ali and Whistler (1939, p. 87) found it common in western Central 
India where birds with mature gonads were found in March, April, 
August and September, from which these authors suggest that it 
apparently breeds throughout the year. 
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Chloroptu jerdoni (Blyth). 

(Jerdon’s Chloropsis.) 

Specimen obtained — 

Around Pachmarhi.—1(J, 14.2.41. 

Measurements (mm.)— 

Wing. Tail. Tarsus. Bill. 

1<? .... 89 81 21-5 23 

Colour of bare parts .—Iris dark brown. Bill waxy dark brown. 
Legs, feet and claws slaty. Pads dirty fleshy white. 

Field notes .—A few seen singly in forest around Pachmarhi. The 
testes of the <$ (Feb. 14th) measured 1*5 X1-5 mm. 

Osmaston (1922, p. 454) says it is common in Pachmarhi where it 
is specially noticeable from May to June. 

In western Central India, Ali and Whistler (1939, p. 88) found it at 
several places ; they noted that the April specimens had testes enlarged 
up to 5x4 mm., while August ones were undergoing the post-nuptial 
moult. 


Family Pycnonotidae. 

Molpastes cafer pallidus Stuart Baker. 

(The Central Indian Red-vented Bulbul.) 

Specimen obtained — 

Singanama.—1$, 19.2.41. 

Elsewhere noted at: Pachmarhi. 

Measurements (mm.)— 

Wing. Tail. Tarsus. Bill. 

1? .. .. 91-5 84 22 18 

Colour of bare parts .—Iris dark brown. Bill black. Legs, feet and 
claws horny black. Pads dirty white. 

Field notes .—Common in the scrub jungle north-west of Pachmarhi, 
but rare in the station itself. Common at Singanama. 

The ovary of the $ (Feb. 19th) measured 4x3 mm. 

Osmaston (1922, p. 454) says it is very common in Pachmarhi but 
rare in the surrounding jungles, which is contrary to my observations 
made in the middle of February, 1941. He further says it breeds in 
gardens, etc. from May to August. 

, In western Central India, Ali and Whistler (1939, p. 88) recorded it 
as common. 
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Family Turdidae. 

Saxicola caprata ?bicolor Sykes. 

(The Northern Indian Stone-chat.) 
Specimens obtained — 

Around Pachmarhi.—1(^), 12.2.41 ; 1($), 14.2.41. 
Measurements (mm.)— 



Wing. 

Tail. 

Tarsus. 

BUI. 

1<? 

66 

49 

21 

11 

1.9 

70 

49 

22 

15 


Colour of bare parts. —: Bill black. Legs and feet horny. Claws 
horny black. Pads dirty horny brown. 9 • Iris dark brown. Bill 
dark brownish black. Legs, feet and claws horny black. Pads dusky. 

Field notes .—A few seen singly at Pachmarhi. 

Osmaston (1922, p. 456) says it is common on the Pachmarhi Plateau. 

In western Central India, Ali and Whistler (1939, p. 89) recorded it 
as uncommon. 


Saxicola torquata indica (Blyth). 


(The Indian Bush-chat.) 


Specimens obtained — 

Singanama.— 1$, 18.2.41. 
Itarsi. — l(c?), 24.2.41. 




Measurements (mm.)— 




Wing. 

Tail. 

Tarsus. 

BiU. 

2 #3 .. .. 66-67 

62-54 

20-22 

13-14 


Colour of bare parts. —Iris brown. Bill black. Legs, feet and claws 
black. Pads smoky. 

Field notes. —A few seen singly at Singanama and Itarsi on low trees 
and bushes ; uncommon. 

The testes of the Singanama male (Feb. 18th) were in the non-breed¬ 
ing condition and measured lxl mm. 

Osmaston (1922, p. 456) says it is a winter visitor to Pachmarhi. 
In western Central India, Ali and Whistler (1939, p. 89) recorded it 
as fairly common—earliest date 17th September, latest 17th April. 

Phoenicurus ochmros rufiventris (Vieillot). 

(The Eastern Indian Redstart.) 

Specimen obtained — 

Singanama.—1(<J), 18.2.41. 

Measurements (mm.)— 

Wing. Tail. Tarous. Bill. 

1 * .. .. 88 


66 


25*6 


17 
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Colour of bare parts .—Iris dark chocolate brown. Bill horny brown* 
Legs, feet and claws horny brown. Pads dirty white. 

Field notes .—One or two seen at Singanama. 

Osmaston (1922, p. 456) says it is a common winter visitor to Pach- 
marhi. 

In western Central Tndia, Ali and Whistler (1939, p. 89) noted it at. 
several places—last date of departure April 16th, by which most had 
departed ; earliest date of arrival September 10th, becoming appreciab¬ 
ly commoner by September 19th. 

Systematic note. —I have followed Whistler and* Kinnear 1 in deter¬ 
mining the subspecies. The black feathers show a few dark grey edgings, 
but, with the large wing, the specimen would appear to be rufiventris. 


Copsychus saularis saularis (Linnaeus). 
(The Indian Magpie-Robin.) 

Specimen obtained — 

Pachmarhi. 1$, 14.2.41. 

Measurement s (m m.) 


Winn- Tail. Tarsus. Bill. 

1 $ .. .. 1)0 78 28 22 

Colour of bare parts. Bill horny black. Legs and feet horny. Claws 
black. Pads waxy pale yellow. 

Local name. - k ‘ Kali sooi chiria. ” 

Field notes. —Fairly common at Pachmarhi. 

The ovary of the $ was in the non-breeding condition and measured 
about 4x4 mm. 

Osmaston (1922, p. 456) says it is very common in and around Pach- 
W&rhi. 

In western Central India, Ali and Whistler (1939, p. 89) found it 
common in song towards the end of February and in March, and moult¬ 
ing the rectrices in September. 

Monticola solitaria pandoo (Sykes). 

(The Indian Blue Rock-Thrush.) 

Specimens obtained 

Pachmarhi.— lrj, 16.2.41. 

Harda.—1^, 1.3.41; 1?, 3.3.41. 

Note. —The $ here recorded is sooty brown with a faint bluish tinge. 
Measurements (mm.)— 



Wing. 

Tail. 

Tarsus. 

Bill. 

2 dd 

125-127 

93-95 

28-30 

25*5-28 

i? 

117 

84 

29 

28 


1 Whistler, H. and Kinnear, N. B., Journ. Bombay Nat. Hist. Soc. XXXVI, p. 70 
(1932). 
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Colour of hare parts.—£ : Iris dark brown. Bill dark horny brown. 
Legs, feet and claws black. Pads dirty white. $ : Iris dark brown. 
Bill dark smoky brown. Legs, feet and claws dark smoky brown. 
Pads dirty white. 

Field notes .—Uncommon at Pachmarhi and Harda. 

The testes of the PachmaThi (Feb. 16th) and Harda (Mar. 1st) speci¬ 
mens were in the non-breeding condition, measuring about 2x1 mm. 
The ovary of the Harda $ (Mar. 3rd) was also in the non-breeding condi¬ 
tion and measured 6x4 mm. 

Osmaston (1922, p. 456) says it is occasionally seen in winter at Pach¬ 
marhi. 

In western Central India, Ali and Whistler (1939, p. 90) found it 
not uncommon- latest date April 4th, earliest September 11th. 


Myophonus coeruleus horsfieldii Vigors. 
(The Malabar Whistling Thrush.) 

Specimen obtained- 

Around Pachmarhi.- 1 (sex ?), 13.2.41. 
Measurements (mm.)— 


Wing. Tail. Tarsus. Bill. 

1 (sex?) .. .. 152 (110) 43 30 

Colour of hare parts . Iris dirty olive green (not brown). Bill black. 
Legs, feet and claws horny black. Pads dirty white. 

Local name.— “ Bhangraj. ” 

Field notes .—Three or four solitary specimens were seen near streams 
and shady gorges around Pachmarhi. The call consists of a most mel¬ 
odious drawn-out whistle uttered as the bird shoots along the gorges. Not 
seen elsewhere. 

Osmaston (1922) says it is common at Pachmarhi and breeds from 
15th June. 

Ali and Whistler (1939) did not come across it in western Central 
India. 


Family Muscicapidae. 

Culicicapa ceylonensis ceylonensis (Swainson). 

(The Grey-headed Flycatcher.) 

Specimen obtained — 

Forest around Pachmarhi.—1 (sex?), 16.2.41. 

Measurements (mm.)- 

Wing. Tail. Tarsus. Bill. 

62 


1 (sex?) .. 


59 


14 


13 
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Field notes. —Fairly common in the forests around Pachmarhi. 
Osmaston (1922, p. 455) says it is common at Pachmarhi in ravines 
and by streams, and breeds in June-July. 

In western Central India, Ali and Whistler (1939, p. 92) recorded 
“C . c. pallidor ” which they found uncommon. 

As I have shown earlier x , I am unable to separate pallidor Ticehurst 
from the typical ceylonensis. 

Leucocirca aureola aureola (Lesson). 

(The White-browed Fantail-Flycatcher.) 

Specimen obtained — 

Pachmarhi.—1$, 14.2.41. 

Measurements (mm.) — 

Wing. Tail. Tarsus. Bill. 

1? .... 80 89 18 14 

Colour of bare parts. —Iris dark chocolate brown. Bill black. Legs, 
feet and claws horny black. Pads dirty white. 

Field notes. —Saw a flock of about 10 on the golf links at Pachmarhi. 
Osmaston (1922, p. 453) says it is fairly common at Pachmarhi in 
the cold weather but does not breed there. 

In western Central India, Ali and Whistler (1939, p. 92) found it 
common. 


Family Lanijbae. 


Lanius schach Perythronotus (Vigors). 
(The Rufous-backed Shrike.) 


Specimens obtained— 

Singanama.—1^, 18.2.41. 

Pipariya.—2^,, 23.2.41. 



Measurements (mm.)— 



Wing. Tail. 

Tarsus. 

Bill. 

.. .. 86*5-90 109 116 

30 

17-21*5 


Colour of bare parts .—Iris dark brown or chocolate brown. Bill 
black—in one <$ the lower bill pale fleshy horny. Legs, feet and claws 
dull horny grey to black. Pads dirty white. 

Field notes .—Two or three seen at Singanama near cultivated fields. 
Fairly common at Pipariya where several wqrc seen sitting singly on 
hedges near cultivated fields. 

The testes of the three males (Feb. 18th-23rd) were small and measur¬ 
ed 2 x 1 mm. 

Osmaston (1922, p. 455) says it is not common on the Pachmarhi 
Plateau but is seen there occasionally in winter. 


1 Roonwal, M. L., Rec. Ind. Mu*. XLI, p. 292 (1939). 
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North of the Hoshangabad District, Ali and Whistler (1939, p. 93) 
found it in western Central India, where some were seen carrying nest 
material on August 25th. 

Systematic note .—I have followed Whistler and Kinnear 1 who have 
cleared up the question of the races of this shrike. In the skins from 
the Hoshangabad District the rufous extends to all the scapulars. 1 
consider these skins erythronotus. The wings are much smaller (86*5- 
90 mm.) than the measurements given by Whistler and Kinnear. 


Family Campephagtdae. 


Pericrocotus peregrinus peregrinus (Linnaeus). 


(The Small Minivet.) 

Specimens obtained — 

Around Pachmarhi.— 1$, 9.2.41 ; lrf (fint winter), 11.2,41 ; 
1& 12.2.41. 

Measurements (mm.)— 

Wing. Tail. Tarsus. Bill. 


2 ad. 

1 iram. £ 


00-70 78*5-80-5 ’ 17-18 12-5-14-5 

68 78 10-5 


Colour of bare parts — Adult : Iris dark brown. Bill black. Legs, 
feet and' claws homy black. Pads pale horny. First winter : Upper 
bill horny black ; lower bill dull fleshy plumbeous at base and darker 
at tip. Rest as in adult 

Field notes . Common at Pachmarhi. The testes of one of the males 
(Feb. Pith) were small,’measuring 1x1 mm. 

Osmaston (1922, p. 455) says it is very common on the Pachmarhi 
Plateau and breeds in April and May. 

In western Central India, Ali and Whistler (1939, p. 94) found it 
common ; family parties were noted in August-September. 

Systematic note. —Following the able exposition of the races by 
Whistler and Kinnear 2 , I have rejected the confusing account of this 
minivet by Stuart Baker 3 , the name cinnamomeus has not been accepted. 


Graucalus macei macei Lesson. 

(The Large Indian Cuckoo-Shrike.) 

Specimens obtained — 

Pachmarhi.—1^, 13.2.41. 

Singanama.- 1$, 20.2.41 ; 1$, 20.2.41. 

Measurements (mm.)— 



Wing. 

Tail. 

Tarsus. 

Bill. 

2 <J<J .. 

167-175 

132-138 

25-26 

28-29 

1? 

160 

133 

27 

28 


1 Whistler, H. and Kinnear, N. B., Journ. Bombay Nat. Hist. Soc. XXXVI, p. 336 
(1933). 

* Whistler, H. and Kinnear, N. B., .Journ. Bombay Nat. Hist. Soc. XXXVI, p. 342 
(1933). 

• Stuart Baker, E. C., Faun. Brit . Ind. t Birds (2nd ed.) II, p. 329 (1924). 
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Colour of bare parts .—Iris dark brown in male, dark rufous brown 
in female. Bill, legs, feet and claws black. Pads dirty white. 

Field notes .—Only one seen at Pachmarhi on the top of a tree. At 
Singanama also seen on tops of trees. Evidently rare. 

The gonads of the three specimens (Feb. 13th and 20th) were in 
the non-breeding condition, and measured thus : testes about 2x2 mm. ; 
ovary 4x3 mm. 

Osmaston (1922) says it is common at Pachmarhi and breeds in 
April. 

Ali and Whistler (1939, p. 94) recorded it from several places in 
western Central India. 


Family Dicruridae. 

Dicrurus macrocercus peninsularis Ticehurst. 
(The Black Drongo.) 

Specimens obtained — 

Pipariya.—19 (first winter), 23.2.41. 

Harda..- 19, 3.3.41 (first winter), 3.3.41. 
Elsewhere noted at : Itarsi. 


Measurements (mm.)— 

Wing. 

Tail. 

Tarsus. 

Bill. 

1 ad .9 .. 

140 

154 

21 

23 

1 iram. V 

134 

138 

22 

24 

1 imm. 

135 

134 

24 

23 

.Colour,, of bare parts. 

■ -Adult 9 • 

Iris 

chocolate brown. 

Bill glossy 


black. Legs, feet and claws black. Pads smoky. 

Field notes .—Common at Pipariya and Harda where they were met 
with usually singly and sitting on telegraph wires. At Itarsi they were 
seen in association with grazing cattle, often hopping cm to their backs. 

Systematic note. I have followed Tieohurst’s 1 revision of I). macro - 
cercus. Birds from western Central India and from southern Central 
Provinces are also said to be peninsularis. 

Osmaston (1922, p. 454) says it was only once seen at Pachmarhi. 
In western Central India, just north of the Hoshangabad District, 
Ali and Whistler (1939, p. 95) recorded D. m. peninsularis as common. 

Dicrurus caerulescens caerulescens (Linnaeus). 

(The White-bellied Drongo.) 

Specimen obtained — 

Around Pachmarhi.—1J, 10.2.41. 

Measurements (mm.)*- 


Wing. Tail. Tarsus. Bill. 

.. .. 131 129 20 23 


»Ticehurst, C, B., Journ , Bombay Nat , Hist, Soc , XXXVI, pp. 927-929 (1933), 
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Colour of Imre parts. —Bill, legs, feet and daws horny black. 

Field notes .—Only one or two seen at Paehmarhi. 

Osmaston (1922, p. 454) says it is the common King Crow of the 
Paehmarhi Plateau and breeds in March-April. 

In western Central India, Ali and Whistler (1939, p. 95) found it 
common ; they recorded it as breeding in April. 


Family Ortoltdae. 

Oriolus xanthornus maderaspatanus Franklin. 

(The Central Indian Black-headed Oriole.) 

Specimen obtained — 

Paehmarhi.—1 (sex?), 15.2.41. 

Measurements (mm.)— 

Wing. Tail. Tarsus. Bill. 

I (sex?) .. .. 142 95 29 

Field notes .—Fairly common at Paehmarhi ; seen singly on tall 
trees. Not noted elsewhere. 

Osmaston (1922, p. 455) says it is common on the Paehmarhi Plateau 
and breeds in May. 

In western Central India, Ali and Whistler (1939, p. 99) found it 
rare, having noted it only at Guna in the Gwalior State. 

Systematic note .--1 have followed Whistler and Kinnear’s 1 exposi¬ 
tion of the races of this bird. Tin* Paehmarhi specimen is maderas¬ 
patanus. 


Family Frinutllfdak. 

Carpodacus erythrinus roseatus (Blvth). 

(The Common Indian Rose-Finch.) 

Specimen obtained 

Around Paehmarhi.—1 rf, 15.2.41. 

Measurements (mm.) 

Wing. Tail. Tarsus. Bill. 

1 c£ .. .. 84 61 19 14 

Colour of Imre parts.- Iris dark brown. Upper bill horny ; lower 
hill silvery grey. Legs and feet dark horny brown. Claws horny. 
Pads dirty white. 

Field notes .—A pair seen on a tree about 2 miles from Paehmarhi. 
The testes of the $ (Feb. 15th) were small and measured lxl mm. 
Osmaston (1922) does not include this Rose-Finch in his list of Pach- 
marhi birds. 


1 Whistler, H. and Kinnear, N. B., Journ. Bombay Nat. Hist. Hoc. XXXVI, p. 584 
(1933). 
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Ali and Whistler (1939, p. 101) recorded C. e. erythrinus as being a 
common winter visitor (Sept. 15th to April 7th) to western Central 
India, just north of the Hoshangabad District; they did not find C . e. 
ro8eatus. 


Gymnoris xanthocollis xanthocollis (Burton). 
(The Yellow-throated Sparrow.) 

Specimens obtained — 

Around Pachmarhi.—2 14.2.41 ; 1 (sex?), 14.2.41. 

Singanama.—1 19.2.41. 

Pipariya.—1 $, 22.2.41 ; 1 (sex ?), 22.2.41. 

Elsewhere noted at: Itarsi. 

Measurements (mm.)— 



Wing. 

Tail. 

Tarsus. 

Bill. 

3 <J<J •• 

79-86 

55-01 

16-5-19 

14-15 

1? 

78 

50 

18 

13 

2 (sex 7) .. 

.. 80-6-86 

51-50 

17-18 

13-5-14 


Colour of bare parts.—$ : Iris olive brown to chocolate brown. Bill 
waxy dark brown. Legs, feet and claws dull slaty. $ : Not noted. 

Field notes .—Extremely common at Pachmarhi, especially near the 
cultivated fields where they congregate in the mornings in flocks of 
30 or more, making a chirping din characteristic of sparrows. Also 
common at Singanama near cultivated fields, and at Pipariya. At 
Itarsi they were seen picking grain on meadows in large flocks of over 
100 birds. * 

The gonads of the four birds examined at Pachmarhi and Pipariya 
were all in the quiescent state. The testes measured about lxl to 
2x1 mm. ; the ovary (Pipariya, Feb. 22nd), 4x4 mm. 

Osmaston (1922, p. 456) says it is extremely common at Pachmarhi. 
In western Central India, Ali and Whistler (1939, p. 101) found it 
common in the dry season but absent in August and early September, 
appearing again in late September ; they considered it a “ decidedly local 
migrant 

Family Motacillidae. 

Motacilla maderaspatensis J. F. Gmelin. 

(The Large Pied Wagtail.) 

Specimens obtained — 

Itarsi.—1 (sex ?), 24.2.41. 

Bank of R. Narbada at Handia.—1 27.2.41. 

Measurements (mm.)— 




Wing. 

Tail. 

Tarsus. 

Bill. 

i«j 

. . 

96 

107 

28 

19 

l(MXt) .. 

• • 

101 

109 

29 

21 
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Colour of bare parts .—Iris dark brown. Bill black. Legs, feet and 
claws horny black. Pads smoky white. 

Field notes. —A few seen near a stream at Itarsi, and on the banks of 
the Narbada at Handia. 

The testes of the Handia $ (Feb. 27th) were enlarged and measured 
4x4 mm., suggesting breeding in March. 

Osmaston (1922) does not include this bird in his Pachmarhi list. 

In western Central India, Ali and Whistler (1939, p. 103) found it 
fairly common and evidently breeding in April. 


Motacilla cinerea caspica (S. G. Gmelin). 
(The Eastern Grey Wagtail.) 

Specimen obtained — 

Pachmarhi (at “ Small Waterfall ”).—1 (sex ?), 16.2.41. 


Measurements (mm.)— 

Wing. 

Tail. 

Tarsus. 

Bill. 

1 (80X ?) .. 

83 

06 

20 

17-5 


Field notes. —Only one seen at the “ Small Waterfall ” near Pach¬ 
marhi. 

Osmaston (1922, p. 456) says it is a common winter visitor to the 
Pachmarhi Plateau, arriving about 1st September. 

In western Central India, Ali and Whistler (1939, p. 103) found it 
at several Places in winter (earliest date Sept. 5th, latest Apr. 8th) ; 
some were in the breeding dress. 


Anthus hodgsoni hodgsoni (Richmond). 

(The Indian Tree-Pipit.) 

Specimen obtained — 

Around Pachmarhi.—1 $, 12.2.41. 

Measurements (mm.)— 

Wing. Tail. Tarsus. Bill. 

1 $ .. .. 87-5 02 22 14 

Field notes. —One seen at Pachmarhi. 

Osmaston (1922, p. 456) says it is very common at Pachmarhi in 
winter, leaving that place in April. 

Ali and Whistler (1939, p. 104) did not come across it in western 
Central India. 


R 
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Family Alaudidae. 

Ammomanes phoenicura phoenicura (Franklin). 

(The Indian Rufous-tailed Finch-lark.) 

Specimens obtained- 

Singanama.—1 20.2.41. 

Bank of R. Narbada at Sandia. -1 21.2.41 ; 1 $, 21.2.41. 

Measurements (mm.)— 


Wing. 

Tail. 

Tarsus. 

Bill. 

104-109 

67-79 

24 

17 

100 

67 

23 

14 


Colour of bare parts. Tris dark brown. Upper bill horny ; lower 
bill pale horny with dark tip. Legs and feet pah* rufous. Claws pale 
horny. 

Field notes. A pair seen in a stubble field at Singanama. Common 
singly or in twos and threes on the banks of the Narbada at Sandia, 
probably coming from the adjoining fields to drink. This habit of fre¬ 
quenting banks of rivers does not appear to have been recorded before. 

The gonads of the three specimens (Feb. 20th, 21st) were in the breed¬ 
ing condition. The testes measured about 5x4 mm. ; the ovary about 
8x8 mm., with the largest egg-follicles about 1 x 1 mm. 

I did not see it at Paehmarhi, nor does Osmaston (1922) record it 
from there. 

In western Central India, Ali and Whistler (1939, p. 100) found it 
fairly common in open cultivated country but make no mention of 
having seen it on river banks ; specimens taken on 10th February had 
maturing gonads ; they were found in flocks of 50 or more in Septem¬ 
ber. 

Family Nectariniidae. 

Leptocoma asiatica asiatica (Latham). 

(The Indian Purple Sunbird.) 

Specimen obtained- 

Around Paehmarhi.- 1 £ (metallic plumage), 10.&.41. 


Measurements (mm.)— 




Wing. 

Tail. 

Tarsus. 

BiU. 

lrf .. .. 56 

37 

15 

21 


Colour of bare parts. —Iris dark brown. Bill, legs, feet and claws 
black. 

Field notes .—Only one or two seen in the jungle around Paehmarhi. 

The testes of the £ (Feb. 10th) were moderately enlarged and 
measured L5xl*5mm. 

Osmaston (1922, p. 456) says it is common in Paehmarhi and breeds 
during April to June. 

In western Central India, Ali and Whistler (1939, p. 106) found it 
common ; they record it as breeding in March-April. 
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Order CORACIIFOJtMES. 

Family Picidae. 

Dryobates mahrattensis (subsp. ?). 

(The Yellow-fronted Pied Woodpecker.) 

Specimen obtained — 

Singanama.—1 (sex ?), 19.2.41. 

Measurements (mm.)— 

Wing. Tail. Tarsus. Bill. 

1 (sex ?) .. .. 104 09 20 25 

Colour of bare parts. Iris dark red. Bill waxy grey, darker at tip. 
Legs and feet waxy grey. Claws horny. 

Field notes.— Only one seen at Singanama, tapping persistently on 
the bark of a tree. 

Osmaston (1922, p. 456) says it is not uncommon on the Paehmarhi 
Plateau. 

In western Central India, Ali and Whistler (1940, p. 470) found it 
common ; a nest with parents feeding the half-grown chicks was found 
on April 16th. 


Family Capitonidae. 

Thereiceryx zeylanicus (subsp. ?)• 


(The Green Bar bet.) 

Specimen obtained — 

Paehmarhi.—1 15.2.41. 


Measurements (mm.)— 

Wing. Tail. 

TarBus. 

Hill. 

Id 

120 80 

28 

31-5 

Colour of bare parts. 

- Iris brown. Bill pink. 

Legs 

and feet fleshy 


yellow. Claws horny. Bare skin around the eyes yellowish. 

Local name.- “ Gumma ”. 

Field votes.— Only one seen at Paehmarhi; evidently rare at this 
time. 

The testes of the r? (Feb. 15th) were fairly enlarged and measured 
5x3 mm. 

Osmaston (1922, p. 456) says it is very common at Paehmarhi, and 
breeds in April-May. 

In western Central India, Ali and Whistler (1940, p. 471) found it 
only at two places in the Bhopal and Gwalior States ; the Bhopal skins 
were T. z . caniceps (Frankl.), while tfie one from further north, i.e. y 
Gwalior, was intermediate between the subspecies caniceps and kangrae. 

R £ 
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Family Psittacidae. 

Psittacula cyanocephala cyfmocephala (Linnaeus). 

(The Western Blossam-headed Paroquet.) 

Specimens obtained — 

Pachmarhi.—1 (<J), 15.2.41 ; 1 $, 15.2.41. 


Measurements (mm.)— 

Wing. 

Tail. 

Tarsus. 

Bill. 

lc? 

139 

(197) 

15-5 

19 

1? 

142 

187 

14 

22-5 


Colour of bare parts.—$ : Iris straw yellow. Upper bill pale orange ; 
lower bill black. Legs, feet and claws mottled horny. Pads dirty white. 
9 : Iris very pale yellow. Upper bill yellow ; lower bill horny. Best 
as in 

Field notes —Common at Pachmarhi in flocks of 8 or 10. 

The ovary of the 9 measured 6x4 mm. and was evidently in the 
semi-quiescent stage. 

Osmaston (1922, p. 457) says it is common in and around Pachmarhi. 
In western Central India, just north of the Hoshangabad District, 
Ali and Whistler (1940, p. 472) found P. c. bengalensis ; these were com¬ 
mon and were breeding or about to breed in January. 

Family Coraoiidae. 

Coracias benghalensis benghalensis Linnaeus. 

(The Indian Roller or Blue Jay.) 

Specimen obtained — 

Pachmarhi.—1 14.2.41. 

Elsewhere noted at: Pipariya ; Itarsi. 

Measurements (mm.)— 


Wing. Tail. Tarsus. Bill. 

1<J .... 180 129 20*5 41 

1 Colour of bare parts .—Iris dark brown. Naked orbital skin pinkish 
ochreous#(not yellow). Bill horny black. Legs and feet dirty yellow. 
Claws black. 

Local name .—“ Leelkant ”. 

Field notes .—Fairly common at Pachmarhi, moving about singly. 
Common at Pipariya and Itarsi where they were often noticed sitting 
singly on telegraph wires and trees. 

The testes of the ^ (Feb. 14th) were in the non-breeding, con¬ 
dition, and measured about 3x2 mm. 

Osmaston (1922, p. 457) says it is common on the Pachmarhi Plateau 
and breeds in April-May. 

In western Central India, Ali and Whistler (1940, p. 472) found it 
sparingly. 
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Family Meropidae. 

Merops orientalis orientalis Latham. 

(The Common Indian Bee-eater.) 

Specimens obtained — 

Around Pachmarhi.—1 14.2.41 ; 1 $, 14.2.41. 

Singanama.—1 <$, 20.2.41. 

Measurements (mm.)— 


Wing. 

Tail. 

Tarsus. 

Bill. 

90-97 

116-129 

9*6-11*5 

33*5-35 

94 

120 

12 

34 


Colour of bare parts. —Iris : Crimson with an outer white ring in <$\ 
bright crimson in $. Bill black. Legs and feet fleshy horny. Claws 
horny. Pads dirty white. 

Local name. —“ Hari sooi ckiria ”. 

Field notes. —Common at Pachmarhi ; found singly or in small flocks 
of 10 or 15 on trees. Very common at Singanama. 

The gonads of the specimens collected were small. The testes of 
two Pachmarhi and Singanama males (Feb. 14th-20th) measured lXl 
mm. ; the ovary of a Pachmarhi $ (Feb. 14th) measured 4x3 mm. 

Osmaston (1922, p. 457) curiously, and I think due to oversight, 
does not include the Common Indian Bee-eater in his earlier Pachmarhi 
list, although 1 found it common enough. In a subsequent Pachmarhi 
list (1936, p. 66), however, he says it is very common. 

In western Central India, Ali and Whistler (1940, p. 473) found it 
“ not uncommon, but curiously sparse and local ”. In the last week 
of March they met with individuals with granular ovaries and also 
individuals digging nests. 


Family Alcedinidae. 

Ceryle rudis leucomelanura Reichenbach. 

(The North Indian Pied Kingfisher.) 
Specimens obtained — 

Harda.—1 1.3.41 ; 1 $, 1.3.41 ; 1 $, 4.3.41. 


Measurements (mm.)— 

Wing. 

Tail. 

Tarsus. 

Bill. 

l<? 

142 

80 

12 

66 

.. 

140-143 

75-88 

12 

61-62 


Colour of bare parts. —Iris very dark brown. Bill horny black. Legs, 
feet and claws smoky horny to black. Pads smoky white. 

Field notes. —Common at Harda on banks of streams. Not noted 
elsewhere. 
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The three specimens shot at Harda (Mar. lst~-4th) wore evidently 
breeding, as the gonads were greatly enlarged. The testes measured 
8x5 mm. The ovaries measured 8x7 to 16x9 mm. and showed fairly 
large egg-follicles. 

Osmaston (1922, p. 457) says it is occasionally seen around the lake 
at Pachmarhi. 

In western Central India, Ali and Whistler (1940, p. 473) recorded a 
bird with ripe testes on Jan. 15th, and a nest on Feb. 4th ; the ovaries 
of a $ on Sept. 7th were granular. 


Alcodo atthis taprobana Kleinschmidt. 
(The Common Ceylon Kingfisher*) 

Specimen obtained — 

Harda.—1 2.3.41. 

Measurements (mm.)-- 

Wing. Bill. 


U .. .. 69 44 


Colour of bare parts .—Iris dark brown. Bill black. Legs, feet and 
pads reddish orange. Claws horny orange at base, horny at tip. 

Testes of the <$ shot on Mar. 2nd were moderately large, measuring 
2*5x2 mm., evidently indicating breeding in the near future. 

Field notes. —Seen occasionally at Harda near streams, but not 
common. 

Osmaston (1922, p. 457) says it is not uncommon in and around 
Pachmarhi, and is a resident bird ; the breeding season, however, is 
not stated. 

In western Central India, Ali and Whistler (1940, p. 473) recorded 
mostly A. a . bengalensis , but also one specimen of A. a. taprobana . 


Halcyon smymensis Psmyraensis (Linnaeus). 

(The North Indian White-breasted Kingfisher.) 

Specimens obtained — 

Singanama.—1 C J, 22.2.41. 

Harda.—1 3.3.41. 

Elsewhere noted at: Pachmarhi. 

Measurements (mm.)— 

Wing. Tail. ' arsus. Bill. 

2<£d .. .. 122-123 94-95 16 62-64 

Colour of bare parts. —Iris dark chocolate brown. Bill deep red. 
Legs and feet deep red to deep reddish orange, with smoky tinge in 
front. Foot pads reddish orange. Claws smoky horny. 

Held notes.- One specimen seen at Pachmarhi on Feb. 14th ; evi¬ 
dently rare at this time of the year. Fairly common at Singanama near 
streams. Not common at Harda where only a few were seen near 
streams. 
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The testes of both the males (Feb. 22nd and Mar. 3rd) were in the 
non-breeding condition, measuring about 2x1 mm. 

Osmaston (1922, p. 457) says it is common on the Pachmarhi Plateau 
and breeds in April-May. 

Systematic note .—Whistler and Kinnear 1 have shown that there is 
an indication of a larger North Indian race ( smyrmensis) and a smaller 
South Indian race (Jusca) of this kingfisher. By their size, the Hoshanga¬ 
bad District specimens would seem to belong to the typical race. 


Family Bucerotidae. 

Tockus birostris (Scopoli). 

(The Common Grey Hornbill.) 

Specimens obtained - x 

Pachmarhi - 1 9, 10 . 2 . 41 . 

Singanama.— 1 19 . 2 . 41 . 

Elsewhere noted at: Pipariya. 

Mcasu rem cuts (m m.)— 



Wing. 

Tail. 

Tarsus. 

Bill. 

1 3 

216 

297 

50 

116 

i 9 

205 

288 

(46) 

90 


Colour of bare parts, : Iris deep red-orange. Casque and base 
of bill black ; rest of bill waxy white. Legs, feet and claws horny. 
Pads dirty white. Bare area around eye black. 9 : Iris with an outer 
ring of white merging into an inner brown ring. Rest as in J. 

Field notes .—At Pachmarhi this bird was encountered on Feb. 10th 
in the forest close to the Chemical Warfare School, flying either singly 
or in groups of 8 or 10 on the tops of tall trees. Also seen a single speci¬ 
men on Feb. 14th two miles north of Pachmarhi on the road to Pipariya. 
Common at Singanama, visiting the Ficus (“ bar ”) trees close to the 
Rest House in the mornings between about 7 and 9 a.m., usually in 
pairs ; also common in the forests at Singanama towards R. T)enwa. 
A few also seen at Pipariya on Feb. 22nd. 

The call is a sharp, slightly hoarse and drawn out Peen-n-n-n, 
Peen-n-n-n , each lasting for about 5 seconds, with longer intervals 
between two successive Peen-n-n-n' s. It strongly recalls the call of 
the Common Pariah Kite. 

The testes of the $ shot at Singanama on Feb. 19th were in the. 
non-breeding condition and measured 4x3 mm. 

Osmaston (1922, p. 457) says it is very common on the Pachmarhi 
Plateau, especially in the spring. 

In % western Central India, Ali and Whistler (1940, p. 473) found it 
common. 


1 \Vhiatler, H. and Kinnear, N. B., Journ., Bombay , Nat . Hist. Soc. XXXVII, 
pp. 701, 762 (1935). 
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Family Upupidae. 

Upupa epos ceylonensis Reichenbach. 

(The Ceylon Hoopoe.) 

Specimens obtained — 

Paclimarhi.—1 <$, 12.2.41 ; 1 <$, 13.2.41. 

Measurements (mm.)— 

Wing. Tail. Tarsus. Bill. 

.. .. 136-139 98-106 21-23 66-67 

Colour of bare parts. —Iris dark brown. 

Local name. —“ Khatola ”. 

Field notes. —Tolerably common at Pachmarhi, moving about singly. 
Not seen elsewhere. 

The testes (12th-13th Feb.) were large and measured 3x2 to 5x4 
mm., indicating breeding. 

Osmaston (1922, p. 457) says it is common on the Pachmarhi Plateau 
and breeds in April. 

In western Central India, Ali and Whistler (1940, p. 474) came 
across specimens of both U. e. epops and U. e. ceylonensis ; some of 
these were evidently breeding in February and April. 


Family Asionidae. 

Athene bra^na indica (Franklin). 

(The Northern Spotted Owlet.) 

Specimen obtained — 

Pipariya.—1 <$, 23.2.41. 

Measurements (mm.)— 

Wing. Tail. Tarsus. Bill. 

1 $ 147 79 32 21 

Colour of bare parts *—Iris lemon yellow. Bill greyish yellow. Feet 
and pads light buff. Claws horny. 

Field notes .—Only one seen during the day on the top of a 
tamarind tree. 

The testes (Feb. 23rd) were moderately enlarged and measured 
4X3 mm., suggesting breeding in the near future. 

Osmaston (1922, p. 458) says it occurs at Pachmarhi but is not 
common. 

In western Central India, Ali and Whistler (1940, p. 475) found a 
bird with granular ovaries at Chanderi in the Gwalior State on 
April 8th. 
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Glaucidium radiatum radiatum (Tickell). 
(The Jungle Owlet.) 

Specimens obtained — 

Forest around Pachmarhi.—1 9.2.41. 
Singanama.—1 18.2.41 ; 1 19.2.41. 

Measurements (mm.)— 


- 

Wing. 

Tail. 

Tarsus. 

BiU. 

2 <?<J •• 

130-132 

78-80 

27-28 

19 

19 

136 

84 

(26) 

.. 


Colour of bare parts. —Iris bright yellow in <£, lemon yellow in $. 
Bill ashy yellow. Feet and pads ashy ochreous. Claws horny with 
black tips. 

Field notes. —One seen in the jungle near Pachmarhi, and two at 
Singanama. The testes of the <$ (Feb. 18th) measured 3x2 mm. ; 
the ovaries of the $ (Feb. 19th) measured 7x5 mm. 

Osmaston (1922, p. 458) says the bird is common in the Pachmarhi 
forests and breeds in April-May. 

Ali and Whistler (1940, p. 475) did not come across it in western 
Central India. 

Order ACCIPETRES. 

Family Aegypiidae. 

Pseudogyps bengalensis (J. F. Gmelin). 

(The Indian White-backed Vulture.) 

Specimen obtained — 

Pachmarhi.—1 <J, 12.2.41. 

Measurements (mm.)— 


Wing. Tail. Tarsus. Bill. 

1<? .. .. (580) 214 (98) 62 

Field notes. —Fairly common at Pachmarhi, being often seen in 
groups of 10 or 12 near carcases on rocks. Often seen in company 
with the Neophron. 

The testes of the $ (Feb. 12th) were in the quiescent stage, and 
measured 2*5 X 2 mm. 

Osmaston (1922, p. 458) says it occurs on the Pachmarhi Plateau 
but does not breed there. 

In western Central India, Ali and Whistler (1940, p. 476) found it 
common everywhere. 
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Neophron percnopferus ginginianus (Latham). 

(The Neophron or Smaller White Scavanger Vulture.) 

Specimen obtained - 

Singanama.—1 (sex ?) (first winter ?), 19.2.41. 

Elsewhere noted at: Pachmarhi; Itarsi. 

Note—T he Singanama bird was acquiring the white adult plumage, but the brown 
patches were still evident in several places. 

Measurements (mm.)— 


Wing. Tail. Tarsus. Bill. 

1 (sex ?) .. .. 465 234 83 62»5 

Colour of bare parts .—Iris white, with inner purple ring. (Stuart 
Baker, 1928, p. 23, does not give the colour of the iris ; for the typical 
race he gives the colour as yellow or dark brown.) Bill fleshy grey (in 
immature bird). Bare skin on head and chin yellow. Legs and feet 
pinkish white. Claws dark horny. 

Field notes .—Several specimens, both pure white (adults) and brown 
ones (immature first winter birds) were noted in small numbers at Pach¬ 
marhi on Feb. 12th and subsequently in company with the Indian 
White-backed Vulture, Pseudogyps bengalensis. All adults were yellow- 
beaked and, therefore, ginginianus. A solitary bird noted at Singanama 
(specimen collected). Also noted in fair numbers at Itarsi on Feb. 24th. 

Osmaston (1922, p. 458) says it is common at Pachmarhi where it 
breeds on the cliffs ; the breeding season, however, is not stated. 

In western Central India, Ali and Whistler (1940, p. 470) noted two 
nests with brooding birds at Surwaya in the Gwalior State on the 22nd 
March. 


Family Falconidae. 

Milvus migrans govinda Sykes. 

(The Common Pariah Kite.) 

Specimen obtained- - 

Pachmarhi. - 1 $, 11.2.41. 

Elsewhere noted at: All the places visited in the District. 
Measurements (mm.)— 


Wing. Tail. Tarsus. Bill. 

1? .. .. 487 320 59 39-5 

Colour of bare parts.— Bill horny. Legs and feet waxy grey-white. 
Pads dirty waxy-white. Claws horny. 

Field notes .—Common at all the places visited in the Hoshangabad 
District. 

Osmaston (1922, p. 458) also found it common at Pachmarhi. No 
indication of the breeding season in the District is available. 

In western Central India, Ali and Whistler (1940, p. 477) found it 
common, especially in and about towns. 
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Order COLUMBAE. 

Family Colitmbidae. 

Streptopelia orientals meena (Sykes). 

(The North Indian Rufous Turtle-Dove.) 

Specimen obtained — 

Singanama.—1 <J, 18.2.41. 

Measurements (mm.)— 

Wing. Tail. Tarsus. Bill. 

1 <J .... 200 130 25 23 

Colour of bare parts .—Bill fleshy horny. Legs and feet dark horny. 
Claws waxy horny. Pads pinkish white. Naked orbital skin grey 
beneath eye, dark pink elsewhere. 

Field notes .—Only one or two seen at Singanama ; evidently rare. 
The testes of the £ were small and measured 3x2 mm. 

Osmaston (1922, p. 459) says it occurs in Paohmarhi throughout the 
year but is most common in winter. 

Ali and Whistler (1940, p. 477) recorded a few specimens from the 
Gwalior and Bhopal States in western Central India. 

Systematic note .—This bird is the meena Sykes of Whistler and 
Kinnear 1 , t.e., the bird which breeds in the N. W. Himalayas ; it is not 
the meena Sykes of Stuart Baker 2 . (Also see Roonwal 3 , 1941, p. 328 ) 


Streptopelia chinensis suratensis (J. F. Gmelin). 
(The Indian Spotted Dove.) 

Specimen obtained — 

Around Pachmarhi.- 1 $, 11.2.41. 

Elsewhere noted at: Singanama. 

Measurements (mm.) — 


Wing. Tail. Tarsus. Bill. 

1$ .... 143 141 22 22 

Local name .—“ Pharki ”—probably a general name for all doves. 

Field notes .—Very common at Pachmarhi in thin forest on rocks 
and plains ; usually found singly. Extremely common at Singanama. 
None seen at Itarsi where it appeared to be absent, although other doves 
were seen. 


1 Whistler, H. and Kinnear, N. B., Journ ., Bombay , Nat. Hist. Soc. XXXVIII, 
pp. 077-679 (1930). 

a Stuart Baker E. C., Faun. Brit. IndBirds (2nd ed.) V, p. 240 (1928). 

3 Roonwal, M. L. Rec. Ind. Mus, XLIII, pp. 328-332 (1941). 
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Osmaston (1922, p. 459) says it is common in and around Pachmarhi. 

In western Central India, Ali and Whistler (1940, p. 477) found it 
common ; a nest with eggs was met with on September 19th. 

Streptopelia senegalensis cambayensis (J. F. Gmelin). 

(The Indian Laughing Dove or Little Brown Dove.) 

Specimen obtained — 

Itarsi.—1 <£, 24.2.41. 

Measurements (mm.)— 

Wing. Tail. Tarsus. Bill. 

1 £ .. .. 122 115 19 18 

Colour of bare parts .—Naked orbital skin grey. Bill and cere horny 
black. Legs and feet purple. Claws horny black. Pads dirty grey- 
brown. 

Field notes. Common at Itarsi in meadows and thin forest. Not 
noted elsewhere. 

The testes of the (Feb. 24th) were small and measured 3x2 mm. 
Osmaston (1922) does not list it as a Pachmarhi bird. 

Ali and Whistler (1940, p. 478) found it common in western Central 
India. 

Streptopelia decaocto decaocto (Frivaldszky). 

(The Indian Ring-Dove.) 

Specimen obtained — 

Itarsi.—1 <J, 24.2.41. 

Elsewhere noted at: Harda. 

Measurements (mm.)— 

Wing. Tail. Tarsus. Bill. 

1 .... 179 146 24 22 

Colour of bare parts .—Naked orbital skin grey. Bill and cere horny 
black. Legs and feet purple. Claws horny black. Pads dirty pale 
brown. 

Field notes .—Common at Itarsi where it was met with on trees in 
open grassland. A few seen at Harda. 

The testes of the Itarsi (Feb. 24th) were small, and measured 
2x2 mm. 

Osmaston (1922) does not record it as a Pachmarhi bird. 

In western Central India, Ali and Whistler (1940, p. 478) found it 
common, and obtained nests with eggs on September 18th. 



1942.] M. L. Roonwal : Birds from Hoskangabad District . 


135 


Order GALLINAE. 

Family Phasianidae. 

Galloperdix lunulata (Valenciennes). 

(The Painted Spur-Fowl.) 

Specimen obtained — 

Forest around Pachmarhi.—1 $ (labelled $ in the field, evidently by 
mistake ; has $ plumage), 10.2.41. 

Note. —The specimen was purchased at Pachmarhi from a local shikari who said he 
got it from the jungles near Pachmarhi. 

Measurements (mm.)— 


Wing. Tail. Tarsus. Bill, 

lc? .. .. 159 132 38 23 

Field notes .—The specimen is in moulting and new feathers are 
seen developing on the rump ; the tail shows only 8 feathers. Both 
the tarsi have two spurs each. 

Osmaston (1922, p. 459) says it is common at Pachmarhi on rocky 
slopes. 

In western Central India, Ali and Whistler (1940, p. 478) found it 
at several places ; specimens taken in March and April had maturing 
gonads. 


Order CHARADRIIFORMES. 

Family Charadriidae. 

Lobivanellus indicus indicus (Boddaert). 

(The Indian Red-Wattled Lapwing.) 

Specimens obtained — 

Itarsi.—1 $, 27.2.41. 

Bank of R. Narbada at Handia.—1 $, 27.2.41. 

Measurements (mm.)— 

Wing. Tail. Tarsus. Bill. 

2$? .. .. 210-227 11W31 73-74 30-37 

Colour of bare parts .—Iris red with a narrow pink outer ring. Bill 
with tip smoky, rest deep pink. Wattle near eye deep pink. Tibia, 
tarsus and feet dirty yellow. Claws smoky. Pads pale smoky. 

Field notes .—Common at Itarsi near streams where they were seen 
in association with grazing cows. Exhibited a semi-gregarious ten¬ 
dency. Also very common on the banks of the Narbada at Handia. 

The ovary of the Itarsi specimen (Feb. 25th) was enlarged, measur¬ 
ing 12x9 mm. ; some of the egg-follicles measured 1*5 X 1*5 mm. The 
Handia specimen (Feb. 27th) had a smaller ovary, 5x5 mm. 

In western Central India, Ali and Whistler (1940, p. 484) found it 
common. 
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Family Scolopacidak. 

Tringa hypoleuco* Linnaeus. 
(The Common Sandpiper.) 

Specimen obtained — 

Bank of R. Narbada at Sandia.—1 C J, 21.2.41. 


Measurements (mm.)— 

Wing. 

Tail. 

Tarsus. 

Bill. 

l •$ 

107 

62 

23 

30 


Colour of bare parts. —Iris dark brown. Upper bill fleshy smoky, 
darker at tip ; lower bill fleshy, smoky at tip. 

Field notes. —A few seen on the bank of the Narbada at Sandia. 

In western Central India, Ali and Whistler (1940, p. 485) found it 
common, the last date being April 19th. 

Order IiERODIONES. 

Family I’lkuadtdae. 

Thereskiomis melanocephala (Latham). 

(The White This.) 

Specimen obtained 

R. Narbada at Handia. 1 (juv.), 27.2.41. 

Measurements (mm.) 

. Wing. Tail. Tarsus. Bill. 

lc?(juv.) .. 322 123 92 141 

Colour of bare parts. —Iris brown. 

Field notes.--A few, perhaps 8 or 10, seen on the Narbada at Handia 
in small parties of 2 to 4. 

The testes of the juv. $ (Feb. 27th) measured 6x4 mm. 

In western Central India, Ali and Whistler (1940, p. 486) found it 
in small parties in the Bhopal State and the Gwalior State. 


Family Arueidae. 

Egretta garzetta garzetta (Linnaeus). 

(The Little Egret.) 

Specimen obtained — 

R. Narbada at Handia.—1 9 (breeding plumage), 27.2.41. 
Measurements (mm.)— 


1 ? 


Wing. 

260 


99 
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Colour of bare parts .—Iris brown. 

Field notes .—Fairly common on the Narbada at Handia, going 
about singly or in pairs. 

The ovary of the $ was fairly enlarged and measured 11x0 mm., 
suggesting breeding in the near future. 

In western Central India, Ali and Whistler (1940, p. 487) noted it 
in the Bhopal State and the Gwalior State. 


Ardeola grayii (Sykes). 

(The Indian Pond Heron or Paddy Bird.) 

Specimen obtained - 

R. Narbada at Handia.—4 $ (non-breeding plumage), 27.2.41. 
M easurements (mm.)— 


Wing. Tail. Tarsus. Bill. 

IV .. . . 202 77 />» 71 

Colour of bare parts.- Iris yellow-brown. 

Field notes .—Fairly common on the Narbada at Handia. The 
ovaries were small and measured 4x3 mm. 

Osmaston (1922, p. 459) says it is fairly common by the lake at, 
Pachmarhi. 

In western Central India, Ali and Whistler (1940, p. 487) found 
nesting birds in Sangi Tank near Mandleshwar in the Indore State on 
September 5th, 
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CYCLOPIDES (CRUSTACES COPEPODES) DE L’INDE, XIV-XVIII. 

Pah Knut Lindberg. 

XIV. Notes sur quelques membres du sous-genre Metacyclops 

Kiefer. 

Cyclops (Metacyclops) minutus Claus. 

Une femelle adulte r6colt6e dans une marc k l’eau saumatre, k sur¬ 
face couverte d’algues vertes, k Mansouriyeh (village k 6 km. de Bell- 
b6han) presentait une branche de la furca portant une soie apicale supple- 
mentaire k cotd et en dedans de la soie apicale externe. Sa longueur en 
6tait legerement inferieure et elle semblait d6pourvuc de oils. Je 
donne une figure de la furca montrant cctte anomalie curieuse, dont je 
n’ai pas vu d’autre example. 



Fig. 1.— Cyclojis ( Metacyclops) minutus Claus $. 

Furca, face tlorsale (Mansouriy6h). 

II convient de rappeler que dans cette meme mare j’ai simultan6- 
ment peche un E . (T.) prasinus (Fischer) teratologique. II m’a sembl6 
que des conditions de milieu d^favourables peuvent ainener une ten¬ 
dance aux anomalies de developpement chez certains Cyclopides. 

Cyclops (Metacyclops) planus Gurney. 

Un examen repete d’ 6chantillons recoltes en 1939-40 a rcvele des 
specimens de C . ( M .) planus dans quelques tubes ou je n’avais d’ 
abord pas remarque leur presence. Comme cette espece est encore 
peu connue je donne ci-dcssous quelques mensurations supplement- 
aires k celles publi6es en 1940. On voit ainsi que le rapport entre la longu¬ 
eur et la largeur des branches de la furca va jusqu’ a 5 : 1 chez la femelle 
et atteint 4-50 : 1 chez le male, et aussi que l’epine apicale de l’enp. 4 
surpasse parfois chez la femelle la longueur de Particle qui la porte. 

[ 139 ] 
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Cyclops (Apocyclops) dengizicus Lcpechkine. 

Dans une mare a l’eau saumatre pres du bord de la mer a Gucnaveh 
(port situe k 17 km. au nord de Bender Rig) j’ai recolte an male unique 
que j’ai cru devoir identifier comine un C. (A.) dengizicus teratologique. 
II presentait une branche gauche de la furca plus longue que la droite 
et des soies apicales de longueurs un peu inegales, la soie apicale interne 
de la branche gauche etant notamment plus longue que cello de la branche 
droite. L’article 2 de 1’enp. 4 avait a droite une structure en partio nor- 
male puisqu’ il portait une soie apicale interne et une opine apieale ex¬ 
tern e, mais son re bord interne etait pourvu de 4 soies au lieu de 3. A 
gauche la soie apicale, continue h repine apicale, faisait defaut, et il nV 
avait qu’ une opine apicale inseree entre deux petits prolongements 
6pineux de Pextremite de Particle. Kn dedans du prolongcment epi- 
neux interne sc trouvait une soie situee au memo niveau que Y opine api¬ 
cale ; le rebord interne portait 3 soies. La cinquieme patte avait une 
structure ordinaire, mais 1’epine interne de la sixiemc patte rudimentaire 
etait de longueur insolite, atteignant, lorsqu’ elle etait ramonoe sur 
l’abdomen, le bord postcrieur du deuxieme segment abdominal. 

Dans une mare de caractere scmblable a cello de Gucnaveh, a Abd 
Imam (village situe a environ 1 km. au nord de Gucnaveh), j’ai recolte 



Fig. 2 .—Cyclops (Apocyclops) dengizicus Lepcchkine f £. (Guenavcih). 
a . Furca, face dorsals; b. Enp. 4, cute droit, face ventrale ; r. Article 2 ettp. 4 ' 
c6t6 gauche, face dorsale \ d. P 5 et P 0, face laterale; e. P 6, face veutrale. 
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un autoe male unique dont la configuration de la cinquieme patte etait 
egalement pareille & celle de C. (A.) dengizicus , et dont Y article 2 de l’enp. 
4 portait une soie apicale interne et une 6pine apicale externe plus 
longue que 1’ article. La furca avait cependant une apparence anor- 
male ayant les branches relativenient courtcs ct divergentes, tres diffe- 
rentes de celles presentees ordinairement par le male du C . (A.) dengi¬ 
zicus , tel que je Ie eonnais de l’lnde et de 1‘Iran. Comine je n’ai trouvo 
aucune femelle et qu’il peut encore dans ce cas-ci s’agir d’un fait tera- 
tologique, je crois qu il serait trop os6 de distinguer ee specimen par un 
nom nouveau et je le pr6sente provisoirement comme un C. (A.) dengizicus 
anormal. Des mensurations des deux individus sont donnees ci-dcssous. 

Les animaux ayant Particle de la cinquieme patte fortement elargi, 
portant uno epine interne bien developpec et une longue soie externe. 



Flo. 3 .—Cyclops (Apocy clops) dengizicus Lepechkmc ? (Abd Imam). 
a. Furca, face vcntrale; b. Enp. 4 ; c. P 5 ct P 0. 

inserees loin Tune de Pautrc par suite de Pepaisseur de Particle, present* 
ent par ce fait une configuration si aberrante des autres animaux ranges 
dans le sous-genre Metacyclops de Kiefer qu’il semble tout k fait desor- 
donne de les maintenir parmi eux, puis(|ue e'est jifstement la cinquieme 
patte qui a servi de base pour P6tablissoment des divers sous-genres du 
genre Cyclops . D6jit Gurney avait fait remarquer ce manque de logi- 
que. A fin de continuer l’ernploi de prefixes grecques je propose le terme 
de Apocychps pour designer le sous-genre nouveau dans lequel il convient 

a 2 
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de grouper les 3 espdces connues jusqu’ h present k cinquiemc patte re- 
esemblant & cello de C. dengizicus Lepechkine, les deux autres 6tant 
C. (A.) panamensis Marsh et C. (A.) royi Lindberg. 

XV. Contribution A la connaissance de Mesocyclops leuckarti 

Claus. 

Du total dc 257 verres renfermant des Cyclopides r6colt6s pendant 
Thiver 19)39-40, le M. leuckarti s’est trouvd dans 57 (soit environ 22 pour 
cent). Mais,tandis qu'il a 6te present dans 41, reprfecntant 28 locality's 
des 152 tubes du Sud de l’lran (26*9 pour cent), il nes’est trouv6 que dans 
1G (de 8 localites) des 105 6ehantillons du Nord (15*2 pour cent). 
J/observation courante que le M. leuckarti est plus commun dans les pays 
cliauds que dans les zones temp6r6es a ainsi trouve une confirmation 
aussi dans ce pays dc clirnats vari6s. De plus, il faut mentionner (|ue 
dans plusieurs habitats du Sud le M. leuckarti 6tait abondanfc, mais, 
qu’avec une seule exception, il n’a 6t6 trouve qu’en tres petit nombre 
dans le Nord et Pexception en question 6tait vraiment de nature k con¬ 
firmer la regie, puisque l’habitat dont il s’agissait 6tait un bassin rempli 
d’eau industrielle dont la temperature semblait etre d’environ 40° C. 
et dans laquelle fourmillaient des copepoditOs dc notre espece (quelques 
M. leuckarti adultes s’y trouvaiont aussi, mais aucun autre Cyclopide). 



Fig. 4.— Mesocyclops leuckarti Claus. 

a. 9 Lamclle basalo et enriopodite de la quatridrao pairo do pattes (Ahvaz, mare) ; 
b, 9 Lamclle basalo de la c|uatri6me pairc do pat tea (Naklil Taqi-Tahiri, puits); c. 9 
Article 3 de l’enp. 4 (Kirouzabad, bassin); d. 9 P 5 (Ahvaz, bassin); e. 9 Premiere an- 
tenne, article 17, cot6 gauche et cote droit (Ahvaz, bassin); /. 9 Do. (Zirhak, puits); 
g. V Do. (Behbdhan, eitoriic); h. $ Do. (Ali, puits); i . 9 Do. (Ahvaz, mare); j. q P 6 
(Zirhak, puits). 

L’ltude de divers individus a montr6 le polymorphisme usuel de 
M . leuckarti , sans qu’il ait semble possible de difKrencier des sous- 





1942.1 


K. Lindbero : Cyclopidns de Vhide. 


143 


especes ou des varietes. Cepcndant une distinction gorale a pa 
etre etablie entre les specimens du Nord et ccux du Sud, tout eii ad met- 
ant le manque de caracteres distinctifs absolus et rexistence de formes 
de passage. 

Les points principaux envisages seront mentionn6s dans la suite. 
Les mensurations de quelques animaux recolt^s en 1935 ont 6te ajoutees 
(de Lar 3 males, 4 femelles, et de Khorramchahr 2 males, une femelle). 
Ceux-ci avaient d’abord 4t6 d&srits comme appartenant k une espece 
difTerente, le M. iranicus, distinction qu’il ne me semble plus justifie 
k maintenir, et ce nom doit desormais etre considere comme un synonyme 
de M. leuckarti. Les resultats des mensurations de certains rapports 
se trouvent, resumes dans le tableau. Bien (jue les chiffres ne sont pas 
tout k fait comparables, peu d’animaux du Nord ayant et6 6tudics, il 
semble pourtant ressortir des donnecs obtenues qu’une distinction de 
deux formes ou races, septentrionale et meridionale, puisse se faire. 

Femelle. —Selon la longueur du corps (sans les soics apicales) les 45 
specimens mensur6s se sont r6partis ainsi: 


Longueur en (jl .. .. .. , .. .. .. .. .. Nombro. 

800 A 900 . ;. I 

000 A 1000 . 

1000 A 1100 3 

1100 a 1200 3 

1200 A 1300 1> 

1300 A 1400 *. S 

1400 A 1500 7 

1500 A 1600 11 

>1600 . 3 


(2) Chez plusieurs animaux de la region du Golfe Iranien les 3 premiers 

segments abdominaux surtout ont pr6sente sur les deux faces 
des rangees irr6guli6res de petites fossettes ; chez ceux du puits 
situfi entre Taliiri et Nakhl Taqi ces fossettes etaient 6videntes 
aussi sur le thorax et sur les antennes des deux sexes. Au lieu 
de depressions les specimens du puits k Zirhak montraient de 
petites verrucs ou spinulcs sur les deux cotes de tous les seg¬ 
ments abdominaux. 

(3) Les branches de la furea ont presque toujours ete legerement diver- 

gentes. Leur rebord interne a porte des poils, parfois disposes 
en 4 groupes, chez 22 des 30 specimens du Sud examines a ce propos 
(01 pour cent); aucun des 7 animaux du Nord n‘a montre la pre¬ 
sence de poils. La forme septentrionale, tout en etant plus petite, 
a aussi montre une furca plus courte que celle des animaux du Sud, 
et sa soie dorsale a ete 16gerement inferieure en longueur ; eette 
soie a parfois etc fortement cilice chez les echantillons du Sud. 

(4) Quelques specimens du Sud et le male et la femelle de Sari dans le 

Nord ont montre une modification en lanccttc de la plupart des 
epines des exopodites des pattes natatoires. 

(5) L’article 3 de l’enp. 4 a chez les animaux du Nord semble un peu 

moins allonge et les deux epines apicales ont presente peu de 
difference de longueur entre elles du fait que repine apicale ex- 
terne s’est trouv6e plus longue chez les exemplaires des 
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provinces Caspiennes quo chez ceux du Sud. Par suite du 
peu de longueur de Tarticle lui-meme, celui-ci n’a surpasse que 
16gerement celle de I’epine apicale interne dans le cas des spe¬ 
cimens septentrionaux, et chez un seul d’entre eux la longueur 
de lupine apicale interne a et6 supSrieure a celle de 1’article, fait 
que j6 n’ai jusqu’ a present jamais observe chez les echantillons 
de M . leuckarti recoltes dans 1‘Inde. Dans le cas des animaux 
du Sud de l’lran P article a le plus souvent 6te considerablement 
plus long que lupine apicale interne. 

(6) Les deux 6pines faisant saillie au-dessus du bord libre de la lamelle 

r6unissant la base de la quatrieme paire de pattes a ete presen- 
tes chez tous les animaux, mais leurs dimensions, tant en ce 
qui concerne leur largeur que leur hautepr, ainsi que leur forme, 
ont montr6 de nombreuses variations, aussi bien chez les indi- 
vidus du Sud que chez ceux du Nord. 

(7) Dans la structure da la cinqui&me patte je n’ai pas observe de modi¬ 

fications importantes. 

(8) La membrane hyaline situee au niveau du dix-septieme article de 

la premiere an tonne a presente un grand nombre d ’aspects 
varies, dont quelques uns ont ete reproduits sur les figures. 

(9) L‘aspect perle du deuxieme maxillipede a ete ires distinct dies tous 

les animaux examines. 

(10) Le receptacle seminal a montre de nombreuses variations. 

(11) Les ovisacs ont le plus souvent ete grands, eeartes, et parfois de- 

passant rextremite de la furca. J‘ ai compte chez 13 individus 
une moyenne de 24 oeufs dans un sac. Chez ceux-ci le minimum 
d’oeufs a et 6 de 10 et le maximum de 48 (specimen d’une petite 
• mare, h Ahvaz). 

Male .—Les animaux mesures se sont groupes ainsi scion la longueur 


de leur corps (sans soies apicales) : 

Longueur en (jl .. .. .. . . .. .. .. .. Non bre 

700 a S00 . r> 

800 ft 000 . 0 

900 a 1000 . 9 

1000 h\ 100 11 

>1100 . » 


(2) Les fossettes de la cuticule mentionn^cs au sujet de la femelle ont 

6te presentes egalenient chez le male des memos habitats. 

(3) Le rebord interne des branches do la furca a ete depourvu de poils 

chez tous les specimens examines sans exception, et cela aussi 
chez les males des biotopes oil toutes les femelles appartenaient 
a la “ forma pilosa La soie dorsale par contre a ete trouvee 
cilice chez la plurart des animaux. 

(4) Les variations de 1’article 3 de l’enp. 4 et de ses appendices ont, d‘une 

fagon generate, 6t6 comparables & celles observees chez la femelle. 

(5) Les 3 appendices de la sixieme patte ont tfte en moyenne plus longs 

chez les animaux du Sud que chez ceux du Nord. Chez 2 spe¬ 
cimens du Sud la longueur de I’epine interne a d6pass6 40p, mais 
ces individus et les femelles du meme habitat ne presentaient 
autrement ricn de distinctif. 
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Habitats .—Dans le Sud do PI ran le M. leucLirti s’est trouve do pre¬ 
ference dans los puits, lcs bassins et los citcrnes. Solon les habitats il so 
repartissait ainsi : 


Puits tl I’eau douce .. 

.. 11 (Sud). 

Puits ii 1’eau sau unit re 

6 (Sud). 

Bassins 

.. 10 (Sud 7, Nord 3). 

Reservoirs ii eiol on vert 

5 (Sud). 

Reservoir h toit 

.. 3 (Slid). 

Ftamrs dVau douce .. 

.. .. 3 (Nord). 

Riziorcs 

.. 2 (Noid). 

Marais d’oau douce 

3 (Sud 2, Nord 1) 

Marais d’eau saumatre 

1 (Nord). 

Marcs d’eau douce 

3 (Nord). 

Marcs d’oau saumatre 

.. 2 (Sud). 

Fosses dVau douce .. 

2 (Sud 1, Nord 1). 

Bras-mort do canal d’iirigntion 

1 (Sud). 

Mares de riviere d’eau douce 

.. .. 2 (Sud 1, Nord 1). 

Mare dc riviere d’eau saumatre 

] (Sud). 

Ruisscau d’eau douce 

1 (Nord). 

Riviere d’oau saumatre 

.. 1 (Sud). 

Lisfe dcs localites .—Sud : Alivaz, Aklitar, Assalou, Behbehan, Bender 

Cluihpour, Birikou, Borazdjan, Boulklu'ir, Choucli (Suse), Dar-ol- 
Mizan, Darquoin, Dayyir, Djaiu, Firouzabad, Gahi, Gorgor, Hadakou, 

Karri, Khorab. Khorramcluihr, Kourdeli 

Ouli (Ali), Pouzeh, Kechir, 

Tahiri, Tang-Gaz, Tchabadi, Zirhak. 

Nord: Bender Gaz, Chalii, 

Gorgan, Lahidjan. Langueroud, Kamsar 

, Recht, Sari. 


XVI. Notes sue Mbsouycmps ityutvr Smirnov et Mesocyclops 

VEU Ml Full LlNDBERO. 

Dans un assez grand nombrc de localites surtout du Sud de l’lran 
j‘ai trouve un Thermocyclops montrant les caracteristiques essentielles 
de M. (Th.) rylovi Smirnov. Dependant certains do ces animaux ont 
presente quelques differences, notamment dans la structure du segment 
genital, cello de la furca et de ses appendices et cello de Particle 3 do Penp. 
4, les rapprochant de M. (Th.) vermifcr de 1‘Inde. Ces differences sont 
les suivantes : 

Taille plus petite et moins robuste. 

Segment genital plus etroit et allonge, principalement par suite 
de sa moindre largeur proxirnalc. 

Furca moins longue. 

Soie dorsale [le plus sou vent cilice comme chez M. (Th.) rylovi] 
plus longue. 

Soie apicale interne de la furca plus longue et soie apicale externe 
plus courte, donnant un rapport de longueur plus eleve entre 
ces deux soies [moyenne 2*75 : 1, tandis quecctt3 moyenne eft 
typiquement de 2-29: 1 ou moins chez M. (Th.) rylovi |, 

Feu de difference de longueur entre la soie apicale mediane externe 
et la soie apicale interne. 
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Article 3 de l’enp. 4 plus allong6. 

Epine apicale interne de cet article plus longue et 6pine apicale ex- 
terne plus courte, lupine apicale interne parfois surpassant en longueur 
celle de l’article. 

Diff6rence de longueur entre lupine et la soie de 1’article 2 de P 5 
moins grande. 

Premiere antenne atteignant le plus souvent le milieu du troisifeme 
segment thoracique et parfois le bord post6rieur de ce segment. [Chez 
M. (Th .) rylovi elle atteint en g6n6ral le bord postSrieur du deuxi&me 
segment thoracique et fr6quemment le milieu de ce segment.] 

Epine interne de P6 chez le male un peu plus courte et, soie externe 
de P6 beaucoup plus longue. 

Aucune de ces caract^ristiques ne semble cependant avoir par elle- 
meme une valeur diagnostique absolue et ce n’est que la coexistenc 
de tous ou de plusieurs de ces points structuraux qui puisse differencier 
de M. (Th.) rylovi les animaux dont il s’agit. Leur similitude avec 
M. (Th.) vermifer est si grande que je me sens contraint de les identifier 
avec cette esp&ce indienne. Toutefois il faut dire que la question de 
syst&natique qui est en jcu ici ne me semble pas encore rdsolue d'une 
maniere definitive. 



Fig. 5 .—Mesocyclops (Thermocyclops) rylovi Smirnov. 9 (Nakhl Taqi). 

a. Segment genital; 6. Furca. face ventrale ; c. Lamcllo basale de P 4 ; d. Article 
3 exp. 4 ; e. Article 3 enp. 4 ; /, P 5. 

Au moment de la d6couverte de M. (Th.) vermifer j’ai aussitot 6t6 
frappe par sa ressemblance avec la description et les figures de Smirnov 
de M. (Th.) rylovi et je l’ai d’abord d6crit comme en 6tant une vari6t6. 

Plus tard, grace k l’obligeance du Dr. Smirnov, j’ai pu moi-meme 
comparer ces animaux indiens avec deux 6chantillons de M. (Th.) rylovi 
provenant de Tiflis. Ces derniers Staient notablement plus robustes. 
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Fio. 6.— Mesoeyclops ( Thermocyclops) rylovi Smirnov. (Tiflia). 
a. Segment genital; 6. Furca, face ventralc ; c. Lamelle basale de P 4 ; d. Article 3, 
exp. 4 ; e. Article 3, cnp. 4 ; P. fi. 

& segment genital .plus 61argi, k furca plus longue, avec ties rapports de 
lngueur des soies apicales diff6rents, a article terminal de 



FiO. 7 .—Mesocyclops ( Thermocyclopa) vermifer Lindberg. $ (Pouz6h). 
a. Segment genital; b. Furca, face ventral©; c. Lamelle basale de P 4; d. Article 3, 
• xp. 4; e. Article 3, enp. 4; /. P 5. 
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l ,ft np. 4 moin s allong6, a epine apicale interne plus courts et epine apicale? 
externe plus longue etc. Ces differences ont etc si marquees que j'ai des 
lors cru nccessaire de considerer M. (Th.) vermifer non pas Commc unc 
variete de M. (Th.) rylovi mais coniine une espece distincte. 

II convient maintenant de dire que M . (Th.) rylovi a cte dforit d’a- 
pres des specimens femelles de 2 locality seulement du Caucase et que 
par consequent la description originale n’a pas pu fournir des ren- 
scignements sur Pamplitude des variations morphologiqucs. Coniine 
Pespece en question a 6videmment une repartition g^ographique tres 
etendue on peut naturellement s’attendre k des variations importantes. 

Le r&sultat auquel je suis arrive apr6s Petude des animaux iraniens. 
est la suivante : Plusieurs d’entre eux sont identiques aux animaux 
de Tiflis, M. (Th.) rylovi ; d’autres a M. (Th.) vermifer. Quelques uns, 
ont ill certains egards les caracteristiques de formes do passage entro 
ces deux especes, tout cn sc rapprochant plus de Pune d’elles que do 
1‘autre. 

Kiefer attribuc une grande valour diagnostique a la structure de la 
lamelle basale de la quatrieme paire de pattes chez les ThermocycSops. 

En regardant les figures de Kiefer, par exemple dans son article sur 
les Cyclopides d’Angola, on voit comment un aspect tout a fait d is trine- 
tif a etc donne pour chaquc espece (Th. d°cipin) v, infrequent, confd - 
wilts, neglect us etc). 11 faut cepcndant prendre note de ce que les etu¬ 
des de Kiefer de ces animaux africains ont en general ete faites sur un 



TlO. 8.— Meaocyclop8 ( Thermocyclopa ) vermifer Lindberg. (Tahiri). 

«. Segment genital; b. Furea, face ventralc ; c. Lamelle basale dc P 4; d. Article 3, 
x>xp. 4 ; c. Article 3, enp. 4 ; P 5. 

assez petit nombre d‘exemplaires et provenant de peu de locality diff- 
erentes. Dans des conditions pareillcs il est bien vrai que tout peut 
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sembler simple et les earacteristiques observees peuvent apparaitre 
bien d6finies efc absolues. On pout rappeler ioi la remarque do Chappuis 
au sujet des vues de Lowndes, que cet auteur semble etre arrive k 
la conclusion paradoxale que ‘‘ plus la description d’un animal est de- 
taillee plus l’animal devicnt meconnaissable ” ou en d’autres mots, 
Tespece la mieux dofinie est oelle qui n’est connnue par un specimenn ni- 
que. En eflet l’6tude de nombreux exemplaires de provenances divers- 
<es aboutit souvent a un elargissenient des earacteristiques d’une eortaine 
espece, montrant la necessity de supprimer des formes decrites d’abord 
commc des entit6s distinctes, quand on s’apc^oit que les particularitos 
de celles-ci se trouvent en realite dans les limites de variation de l’espece 
en question. Le jour que nos connaissances des Thermocyclops du con¬ 
tinent africain seront completes, il est bien probable que le resultat en 
sera une reduction iotable du nombre des “ especes ” deja decrites. 
C’est quand on dispose d’animaux nombreux, provenant d’un grand 
nombre de localities differentes, que la distinction d’cspeces cesse d’etre 
simple et qu’on se rend comptc de la valeur douteuse de certains traits 
de structure par suite de l’amplitude de lours variations. 11 en est ainsi 
notammont en ce qui concerne la lamelle basale de la quatrieme paire 
de p&ttes, et aussi, mais a un moindre degre, pour le receptacle seminal. 
Je l’ai dej& montre au sujet dc M. ( Th .) hyalinus et de M. (Th.) vermifer 
de rinde. Sur les figures sont representes ici un certain nombre d’as- 
pects differents chez M. (Th.) nylovi et M. (Th.) verm if or de l’lran. Tres 



Fig. 9.— Mesocyclops (Thermbcy clops) vermifer Lindberg. £ (Vangarvadi 

Deccan). 

a. Segment, genital ; h. Furea, face ventrale ; c. Lamelle. basale de P 4: d . Artiol^ 
oxp. 4 ; e. Article 3, enp. 4;/.l'5. 



150 


[ Vol. XLIV, 


Records of the. Indian Museum . 

sonvont on voit des animaux chez lesquels les deux Eminences lat^ralcs 
ne sont pas de structure identique, mais differant Tune de Tautre, et 
j’ai mcrae rencontr6 un specimen de M. (Th.) rylovi chez lequel Tune de 
cos elevures avait 1'aspect caracteristique de M . (Th.) hyalinus , tandis 
que Tautre 6tait du type de M. (Th.) vermifer. 

J’ai parte ailleurs de la distinction entre M. (Th.) vermifer et M. (Th.) 
decipiens Kiefer sans toutefois souligner la difference r^elle qui existe 
entre ces deux esp&ces dans la structure du receptacle seminal. Celui 
de M. (Th.) decipiens est en somme, d’apres les figures de Kiefer, assez 
caracteristique : les bras latfoaux sont presque horizontaux, k courbure 
tres faible, k angle fornte avec la partie verticale tres ouvert. Chez 
M . (Th.) vermifer , dememe que chez M. (Th.) rylovi [et du reste aussi 
chez M. (Th.) mongolicus et M. (Th.) analogus ] les bras lat<$raux sont 
bien plus reeourb£s et Tangle en question beaucoup plus aigu. Com me 
je Tai d«$j£i fait remarquer ailleurs M. (Th.) analogus est manifestement 
un M. (Tit.) vermifer k longue furca, tandis que M. (Th.) mongolicus 
(d6erit de 2 femelles d’une localitc unique ?) semble representer une de 
ces formes de passage k qui il est bien difficile, k Tetat actuel de nos con- 
naissances, d’assigner une place certaine, mais qui semble se rapprocher 
plus de M . (Th.) vermifer que de M. (Th.) rylovi . 

Mesocyclops (Thermocyclops) rylovi Smirnov. 

Habitats. —Abd Imam, puits k Teau saumatre, 6tang d’cau douce * 
Assalou, 6tang salin, puits k Teau douce; Dayvir, puits k Teau 



Fiu. 10 .—Mesocyclops ( Thermocyclops) rylovi Smirnov. 9 Lamclle basale de P 4. 

a. b. Abd Imam, 6tang; r. Abd Imam, puits ; d. Tadjoumelk6h. e. /. g. Khorram- 
chahr ; h . Assalou, £tang ; i. Isfahan ; j. Assalou, puits ; k. lladakou ; l. Gorgan. 
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saumatre; Gu6nav6h, mare (Teau saumatre ; Hadakou, puits k l’eau 
douce ; Isfahan, bassin ; Nakhl Taqi, etang d’eau douce, etang salin ; 
R6chir (Bouchir), mare de rivi&re a Paitell; Tadjoumelkeh, puits a rcau 
saumatre ; Khorramchahr, ruisseau (sept. 1935). Gorgan, mare ; Recht, 
ruisseau. 


Mesocyclops (Thermocyclops) vermifer Lindbcrg. 

Habitats .—Ahvaz, bassin ; Ali (Ouli), puits k l’eau douce ; As,salon, 
reservoir vout6 ; Behb61ian, citernc d’un puits h Teau saumatre, puits k 
Teau saumatre, bassin ; Bender Rig, puits & 1’eau saumatre ; Dilvar, 
puits k l’cau saumatre ; Gallehdar, reservoir d’eau douce ; Parak, mare 



Fig. 11. —Mesocyclops ( Thermocyclops ) vermifer Lindbcrg. $ Lamcllo basalo 

de P 4. 

a. Tahiri, puits ; b. T&ng-Qil; c. Pouz61i ; d. Behb^han, bassin ; r. BehbMan, puits ; 
/. Assalou, r6servoir; g. Tahiri, reservoir; h. Ahvaz ; i. Ali; j. Sari ; k. Gallehdar. 

d’eau douce, 6tang salin ; Pouzeh, puits k l’eau douce ; Rechir (Bouchir), 
puits k l’cau douce ; puits k Teau douce entre Tahiri et Nakhl Taqi ; 
Tahiri, reservoirs d’eau douce (2) ; puits a l’eau douce ; mare d’eau 
douce ; Tang-Qil, reservoir d’eau douce a ciel ouvert; Tchabadi, marais 
d’eau douce; Lingueh, puits a l’eau saumatre (oct. 1935). 

B6hchalir, bassin; Chahi, 6tang ; Sari, bassin. 


XVII. Description d’un Thermocyclops nouveau. 

Mesocyclops (Thermocyclops) microspinulosus, sp. nov. 

Description .—Longueur de la femelle ovigere de 1178 a 1300 p (4 
specimens mesur£s). Cuticule des 3 premiers segments abdoniinaux 
ornement6e sur les deux faces de rang6es de petites fossettes. Des 
ddpressions semblables se trouvent aussi sur les maxillipedes et lour 
donnent un peu l’aspect perle, caract6ristique de M. leuckarti . Ces 
fossettes sont encore plus marquees chez les animaux immatures quo 
chcz les adultes. Segment genital plus long que large. Lc rebord pos- 
t6rieur du quatrieme segment abdominal semble d6pourvu sur la face 
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ventrale du groupc usucl de petites 6pines, Furca k branches diver- 
{rentes, de 2*72 a 3*40 fois aussi longues que farges. Soie dorsale moms- 
longue que la soie apicale externe. Soie apicale interne plus de deux 
fois, mais moins de deux fois et demi aussi longue que la soie apicale ex¬ 
terne. Premiere antenne & 17 articles, rabattue elle atteint le milieu 
ou plus rarement le rebord post^rieur du deuxi&me segment thoracique. 
Rapport entre la longueur et la largeur de Particle terminal de Tenp. 
4 assez variable. L’epine apicale interne peut etre un peu plus longue 
que Particle, mais le plus sou vent elle en est inferietire en longueur. Epino 
apicale interne moins que deux fois aussi longue que l’epine apicale ex¬ 
terne. Lamelle basale de la quatrieme paire de pattes k elevures lafce- 
rales regulierement arrondies, de saillie assez faible et munies d’epines 
minuscules. Cinquieme patte k opine apicale nettcment plus longue 
que la soie. (Rapport opine : soie chez 4 individus, 1*34, 1-34, 1*40 et 



Fra. 12.— Mesoeyclop* (T her mocyclops) microspinvtosus ftp. nov. 9* 
a, b t Segment genital; c. Lamelle basale et cnp. 4 ; d. P 5 ; e. Furca, face dorsdfe, 

1*76 : 1). Receptacle seminal un peu variable, ressemblant plutot k 
celui de Al. (Th.) njlovi Smirnov. Les ovisacs semblaient contenir peu 
d’oeufs, mais n’etaient complets cliez aucun des animaux examines. 
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1042. j R, Lindbrrg : Cyclopides dc Vhde. 

Mdle. —Un seul trouve de 846 |x de longueur. Flirca it branches diver- 
gentes. Soie dorsalc plus longue que la soie apicale externe de la furca. 
Sixieme patte rudimentaire forniee (rune epine interne, d’une soie niedi- 
anc et d’une soie externe, qui est l’appendicc le plus long, depassant 
16g&rement le bord posterieurdu deuxieme segment abdominal. Lupine 
n’a malheureusement pas pu etre mesur6c correetement. File se trouvait 
'cnglobee dans du detritus tres adherent et a ete endommagee des deux 
*cot6s au cours des tentatives faites pour la degager. 

Habitat .—line citerne d’eau de puits saumatre pres de la ville de 
Uouchir. Kecolte en petit nombre au mois de fevrier. 

Remarques. —Ce qui caracterise la forme qui vient d’etre deerite 
<ce n’est pas en premier lieu la presence de rangees de fossettes. Une 
ornementation de ce genre se voit ehez certains individus (races ?) de 
plusieurs especes de Cyclopides, qui normalement presentent une cuti- 
cule lisse. Parmi les Mesocyclops j’ai observe des fossettes ou de peti- 
tes dpineft chez M. leuckarti et chez des Thermoeyclops iraniens repond- 
ant a la description dc M. (Th.) rylovi Smirnov. La structure de la, furca, 
•du segment genital, du receptacle seminal, de la cinquieme patte et de 
Particle terminal de l’enp. 4 n’offre rien de tres distinctif et lour con¬ 
figuration et rapports se trouvent dans les limites de variation de M. 
{Th.) rylovi. Mais jusqu’a present je n’ai pas observe chez ces animaux 
un aspect pareil de la lamelle basale de P 4, les eminences laterales etant 
nutrement tou jours munies de fortes epines, tandis (jue ces epines sont 
tres exigues chez M. {Th.) micros pinulosus. Cependant e’est a titre 
provisoire que la forme presente a ete dforite connne une espccc distincte. 
Elio se rapproche certainement beaucoup de M. (Th.) rylovi Smirnov. 


XVIII. Tableaux analyses de deux collections de Cyclopides. 

En ce qui concerne les Oopepodes Cyclopides, l’Tran a jusqu’ & ces 
dernicres annees ete Tunc des regions les inoins connues. Cependant, 
par suite de sa situation geograpli ique et de ses particularit6s climati- 
qiles, il semble que e’est justement dans ce pays que lour etude serait 
enunemment interessante. Nos connaissances de la repartition en 
Europe des animaux clu groupe, en question sont sans doute assez com¬ 
pletes, et je crois que la grande majoritd des Cyclopides vivant dans 
PInde ont egalement dej& et6 identifies. Puiscjue l’lran se relie h P Eu¬ 
rope par le Caucase et a PInde par lo Beloutchistan, la question princi¬ 
pals que Petude de ses Cop6podes serait susceptible d’eclaircir, semble 
bien etre celle du role possible de ce pays coniine lieu de rencontre pour 
la faunc arctique de PEurope avec la faune tropicale de PInde. A 
part les quclques especes cosmopolites qui se trouvent aussi bien en 
Europe que dans PInde, ces deux parties du globe pr6scntent en effet, 
abstraction faite du Cachemire qui geographiquement ne fait pas partie 
de la peninsule indienne, deux regions faunistiques bien distinctes. 
II est vrai que des espdees arctiques, telles que Acanthocyclops robustus 
et Acanthocyclops lanyuidus, ont ete rapport^es du Ceylan par les auteurs 
d’il y a quelques decades, mais leur presence n’y a depuis jamais 6te 
confirmee, ni celle de Microcyclops bicolor et de Thermocyclops oithonoides ,> 
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autres fromes de distribution surtout arctique, dont Pexistence dans 
l’lnde semble 6galement douteuse. 

Climatiquement l’lran peut se diviser en 3 zones principals : cell© 
des provinces Caspiennes, k forte humidity et k variations de tempe¬ 
rature faibles ; cello du plateau, aridc et sujette aux grandcs extremes 
de temp6rature ; enfin celle du littoral du golfe Iranien, torride en et6 
et temper en hiver, k humidite d’une fa$on generalc assez elevee. En 
considerant temperature et precipitation atmospherique il n’y a en 
Europe aucune region comparable k celle de la cote m6ridionale de la mer 
Caspienne, et il n’y a gu&re de partie de l’lnde ou Ton observe des tem¬ 
peratures depassant 50° C. en 6t6 et pouvant s’abaisser de plusieurs 
degree au-dessous du 0 en hiver, comme c’est le cas dans le Sud de PIran. 
Enfin, le climat continental du plateau ne ressemble qu’ k celui de PAsie 
centrale, ni PEurope, ni PInde en poss6dant P6quivalent. Les faits 
climatiques etant tels, si des representants des deux branches biog6o- 
graphiques mcntionnecs puissent se rencontrer en Iran, sera-ce dans 
le Nord, ou aussi bien la faune que la flore se rapprochent de celles de 
l’Europe, sur le plateau, ou dans le Sud, de caractere tropical ? 

L’6tude de deux collections de Cyclopides de l’lran ayant 6t6 achev6e 
il est maintenant possible d’en dresser le tableau complet, afin d’obtenir 
une vue d’ensemble sur la repartition des animaux identifies et chercher 
k trouver une r£ponse k la question qui vicnt d'etre pos6e. 

Les r6coltes faitcs en septembre, octobre et d6but de novem- 
brc 1935 dans 30 habitats, repr6sentant 11 stations, avaient donne 14 
especes. Celles de l’hiver 1939-40, comprenant 256 verres de 92 loca¬ 
lities, en avaient ramene 39, le total Itant de 40 especes rapportees de 
286 habitats, situ6s dans 100 localites diff^rentes, 46 du Sud, 39 du pla¬ 
teau et de PEst et 15 des provinces Caspiennes. Les peches de 1935 
provenaient de quelques locality du Sud, du plateau central et de PEst, 
celles de 1939-40 du Sud, du plateau et des provinces Caspiennes. 

En donnant ci-dessous le tableau montrant la distribution des es- 
peces trouvees, il faut faire remarquer que j’ai suivi la classification et 
la nomenclature de Kiefer avec deux modifications. Les animaux du 
sous-genre Diacyclops Kiefer ont 6t6 rang6s dans le sous-genre Acantho - 
cyclops Kiefer, la caract6ristique donn^e pour les s6parer 6tant si peu 
marquee, puisqu’ elle depend uniquement de la longueur de Pepine de P 5, 
que leur distinction ne semble pas justifies. D’autre part j’ai cr66 un 
sous-genre nouveau, Apocyclops pour grouper C. dengizicus Lepechkine 
et les especes semblables, la structure de leur P 5 6tant foncierement 
difKrente de celle des membres du sous-genre Metacyclops , parmi les- 
quels ils avaient 6t6 places par Kiefer. 

L’ordre de fr6quence pour tout le pays des especes r6colt6es se voit 
ais6ment sur ce tableau, mais, au lieu de considfoer PIran en entier, il 
est plus int^ressant d’opposer les peches faites dans les provinces Cas¬ 
piennes k celles provenant des autres parties du pays. Les 23 esp&ces 
les plus communes se rangent alors dans Pordre suivant selon leu* fre¬ 
quence extensive: 



Sud. Plateau. Est. Provinces Caspiennes. 
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La distinction des provinces Caspiennes du restant de l’Empire n’est 
cependant pas absolument juste. Les conditions particulieres men- 
tionn6es y s’appliquent aux deux departements, occidental et central, 
du Guilan et du Mazenderan, mais dans le departement oriental du 
Gorgan on trouve dcja un climat et des caracteristiques physiographiques 
se rapprochant de ceux du plateau. II est n6cessaire de mcntionner 
ceci pour comprendre la distribution de certaines formes. Ainsi le 
Metacyclops minutus , Cyclopide preponderant dans le Sud et qui se 
rencontre aussi sur le plateau, a 6t6 rccolte h Gorgan (Ast6rabad), capital 
du departement de tncme nom, mais dans aucune loealite du Mazenderan 
ct du Guilan. 

IJne idee de l’abondanco des diverses especes rdcolteespeut s’obtenir 
du tableau detaille des habitats se trouvant a la fin de ce travail, 
et la liste des 12 especes les plus frequentes, rang<$es dans l’ordre dc 
leur abundance approximative qui a 6te indiquee par des croix, est 
dotmee ci-dessous, accoinpagncs d’une note sommaire sur leur frequence. 


— 

Abundance 

Frequence 

Repartition prineipale 

Metacyclops minutus 

4 4 I 

Trds frequent 

Sud. 

Acanthncyclops bicuspidntus 

4* b 

Tr6s frequent 

Provinces Caspiennes. 

Acanlhocyclops bisetosus 

4 4 

Tr&s frequent 

Provinces Caspiennes. 

Cyclops slrenuus diverynis .. 

4 4 

Tr6s frequent 

Plateau. 

Thermocyclops rylovi 

4 4 

'Pres frequent 

Sud. 

Thermocyclops vermijer 

4 4 

Tr&s frequent 

Sud. 

Eucyclops serrulatus 

4* 

Trds frequent 

Sud. Plateau. Pro¬ 
vinces Caspiennes. 

Majacyclops viridi* 

4 

Tres fr6quent 

Provinces Caspiennes. 

Alesocydops leuckarti 

4 

Tr6s frequent 

Sud. 

Aravth ocyclops h le usp idatu s 
odessanus. 

-b 

Frequent 

Sud. 

Microcyclops varicans 

Pas abundant 

Assez frequent 

Sud. Plateau. Pro¬ 
vinces Caspiennes. 

Metacyclops plaaus 

Pas a bond ant 

Assez frequent 

Sud. Provinces Cas- 
piennes. 


II a 6t4 question dans des articles ant6rieurs de conditions ecologi- 
ques des formes 6tudiees et il doit suffir ici de faire quelques remarques 
g6n6rales k ce sujet. Je donne ci-dessous une liste des biotopes exa¬ 
mines dans lesquels des Cyclopides ont 6t6 trouv^s. J’ai appel6 bassins 
les pieces dV.au ayant en general plus de largeur que de profondeur, 
amenagees dans les jardins et les cours, de fonction ornementale ou 
servant h Tarrosage et aux ablutions, et d’habitude remplies par des 
canalisations souterraines ou de surface. Sous le nom de reservoir j*ai 
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designe les constructions de ma^onnerie a Finterieur cimente, 1c plus 
souvent de grandes dimensions, dans lesquelles on recueille Fcau de ])luie, 
qu’on puise ensuite d’en haut. Par citerne j’cntends ici dcs reservoirs 
plus petits, souvent munis de robinets et pouvant contenir, soit des eaux 
pluviales, soit de l’eau amenee par un conduit, ou retiree d’un puits du 
voisinage. 





Sud. Pla¬ 

Provinces 





teau. Est. 

Caspiennes. 

Total. 

Puits 



35 

0 

41 

Bassins (Haouz) 



32 

7 

3 > 

Reservoirs (Birkeh, ab-ambar) .. 



24 

. . 

24 

Citcrnes (Ab-amlmf) 



12 


12 

Fosses 

. # 


a 

1 1 

25 

Marcs 



28 

2i> 

54 

Etangs 



2b 

5 

31 

FICUVCS 



2 

.. 

2 

Rivieres, torrents, ruisseaux 



a 

ti 

.» 

Bras-morts de canaux d’irrigation 



i 

.. 

1 

Kizieres 




3 

3 

Trous d’eau 




.> 


M are cast's .. 



8 

5 

13 

Mares de ri\ iercs et de torrents .. 



ir> 

o 

IS 

Sources 



2 


2 

Lauunes 



1 

o 

3 

Mousse d’une cascade 



1 


1 


Les habitats du Sud et du plateau ont contcnu aussi bicn do 
Feau douce que de Fcau saumatre, dont 1c dogre de salinite a natureUe- 
ment varie. La plupart ont eu Foligotrophie comine earacteristiquo 
commune. Dans le Nord j’ai peohe des Cyclopides dans des mares et 
des marais situes aux bords memos de la Caspienne et par consequent 
faiblement salins, puisque la salinite de celle-ci est beaueoup moindre 
que cede des mors ouvertes. Autrement presque tous les habitats dans 
les provinces du Nord ont renferme de Fcau douce et ont montre une 
vegetation plus ou moins riche. Presque tous les rassemblements natu- 
rels d’eau de surface du Sud et du plateau ont etc transitoires. II est 
vrai qu’ ils sont assez nombreux et abondants en hiver, qui est la saison 
pluvieuse, mais des la fin de celle-ci Feau des mares, des fosses et des 
etangs s’evapore et les niarecages se dess&chent, de sorte qu’ on nc trouve 
plus de Feau que dans des puits, des reservoirs, des citernes, certains 
canaux d’irrigation et dans les queiques rares cours d’eau permanents. 
Dans les provinces Caspiennes par contre, du moins dans le Guilan et 
dans le MazcndSran, ou la pluie tombe pendant toute Fannee & peu pres 
toutcs les collections d’eau de surface sont permanentes. 

Les Cyclopides etudies ici ont 6t6 recoltes & des altitudes variant 
de 26 metres au-dessous du niveau de la mer (cote Caspienne), a 1670 
metres au-dessus de ce niveau (Boroudjerd dans le Louristan). Je 
n’ai pas observe de preference 6vidente tenant aux conditions orographi- 
ques. Cependant, il est possible que Eucyclops ruttneri elhurziensis , 
color6 richement en rouge et en bleu, soit une iprme plutot alpine. J^ai 
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eu rimpression que la faune des hantea montagnes en Iran doit etre pau- 
vre en Copdp^des, du moins pendant la saison de Fannie qu’a eu lieu 
ma derni&re visite. Au cours d’une ascension faite en octobre du Totchal 
(au nord de T6h6ran) dont l’altitude est de 3860 metres, j'ai examine 
la plupart des eaux rencontres en route. 11 y en a eu jusqu’ k environ 
200 metres au-dessous du sommet, mais je n'ai trouv6 aucun Cop6pode 
au-deli de Pasghal6h, k une altitude d^nviron 1375 metres. 

La faune des Cyclopides dans les regions visit^es pr6sente 
en somrne les grandes lignes suivantes : Prddominance de Megacydops 
viridis , d’ A canthocy clops bicuspidatus et d 'A canthocyclops bisetosus 
dans los eaux douces des provinces Caspiennes. Grande frequence, 
de Cyclops strenuus divergens dans les bassins et les citemes du plateau, 
et frequence probable aussi de Thermocyclops tinctus dans les biotopes 
similaires des regions d^sertiques de PEst. Dans le Sud par contre, ce 
sont Mesocyclops leuckarti , Thermocyclops rylovi et Thermocy clops ver- 
mifer qui prevalent pendant toute Fannie dans les habitats permanents, 
et en hiver c'est Metacyclops minhtus qui est Fesp^ce predominant^, 
surtout dans les eaux de surface transitoires. Enfin, Fubiquit6 A y Bucy- 
clops serrulatus caractfaise aussi bien FEurope et FIran que FInde. 

Quant k la classification biog^ographique des 40 especes identi¬ 
fies il a possible de les partager en 3 groupes seulement: celui des 
cosmopolites, des especes arctiques et des formes tropicales, parmi les- 
quelles des animaux distribiis surtout dans FAsie centrale et dans le 
Proche Orient out &t6 inclus, par suite de leur parent6 avec des especes 
tropicales. J’ai tenu k ajouter pour chaque espece Findication de sa 
presence, certaine ou doutcuse, ou de son absence dans FInde, y 
compris le Cachemire et le Ceylan, pour autant que cela soit connu k 
present. 


A. Especes plus ou moins cosmopolites : 9. 


Macrocycfop# f uncus Jurinc 
M. alhidus Jurin* 

Eucyclops serrulatue (Fischer) 
Tropocydops prasinus (Fjsohor). 
Paracydops fimbriatus (Fischer) 
Bctocydops phaleratvs (Koch) .. 
Mirror.yclops varicans Sars 
Mesocydops leuckarti Claus 
The, nwcydopi hynlinns (Rchber^) 


Iiitle 

Present. Iii'-ertain. Abse nt. 

• — — 4 - 

4- — — 

4 * — — 

— 4 - ~ 

— + — 

— 4- ' — 
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B. Especes arctiques : 12. 


fincyclops macruraides (Lilljeborg) 

— 

—* 

4 

f 'yclops slrenvns divergent Lindberg, .. 

— 

— 

4 

C. caspkns Lindberg 

— 


4 

C. ktiitninskii Lindberg .. 

— 

— 

4 

Megacyclops viridia Juriile 

4 

— 


Acanihotyclops vernalis Pticher 

— 


4 

A . tobvstus Sars. 



— 

A. bicuapidatus Claus 

— 


b 

A. hieuapidatus ndeasanus Chin an k. 

— 


b 

A. hisetosus Rehbcrg 

-- 

— 

4 

Microc yclops bicolor Sars 

— 

i 

— 

ThirmocycJops dybowskii Lattde 

C . Especes troj 

nettles : 

19. 

f- 

Ilalicyelopa thermophilns spinlfer Kiefer 

4 

-- 

•— 

fineyr)ops agiloide8 Sars.. 

4 


— 

evacanthm Sars 

4- 

— 


K. fnrsiens Lilldbefg 


— 

-f- 

/£. ndtnrri elhutzieMis Lindberg 

—* 


4 

Tropocyclops ran finis Kiefer .. 

4 

— 


Par.icy'lops vagus Lindberg 

4 

— 


Ectocy chips rnbesetus Brady. 

4 

... 

- 

Microc yclops richardi Lindberg 

-- 

- 

4 

L\l. moghulensis Lindberg. ... 

4 


- 

M. livjanticus Kiefer 

4‘ 


- 

Mctacyclaps min ulus (dans 

4 



M. grandispinifer Lindberg 

— 

- 


M. planus fiumoy 

— 


4 

A poc yclops dn-gizirns Lepeehkine .. ^ 

4* 

-- 

— 

Thcrmocjitfops ryhvi Smirnov .. 

— 

-- 

1 

Th. mi crt)s pitut loans Lindberg. k . 

Th. rermifer Lindberg .v 

b 


4 

f J'h. hnctns Lindberg 

4- 


— 


En eontemplant 1 o groupeinent qui vient d'etre donne on est aussitdfc 
frappe par le grand nombre d’especcs tant arctiques (jut? tropieales, 
rocolt^es ainsi dans un memo pays. Abstraction faite dos cosmopolites 
y a 1& 12 formes de l’lndc et presqu’ autant de l’Jiurope. 
J’ignore si des fauncs arctiqne et tropicale sc rocouvrant si complete- 
merit s’observent dails quelque autre pays du monde, mais il est evi- 
dent quo c/est bien PIrart qui sert de point de rencontre pour ces deux 
branched du groupe d’auimaux dont il s’agit ici. Ce n’est guerc dans 
les provinces Caspiennes qu’ a lieu ce rendez-vous, car les quclques formes 
tropieales qui s’y observant s’apparentent a des animaux de PAsie 
centrale ou du Levant, qui sont deja des proches parents d’espdees tro¬ 
pieales. Sur le plateau les faunes se recouvrent bien, mais e’est surtout 
dans le Sud, a ete torride et hiver tempere que vivent des formes arcti¬ 
ques cote k cote avec des especes tropieales, Toutefois j’ai des raisons 
de croire que l’apparition des premieres y est saisonniere, e’est-i-dire 
limitee k Phiver, car je n’ai rencontre aucune do ces especes dans le Sud 
pendant mon voyage en 1935, dont le d6but avait lieu pendant la 
saison chaude. Il semble aussi qu’on peut condure k une adaptabilito 
plus grande ckez les especes arctiques que chez les formos tropieales. 
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A. Sud (Khouzirtan et littoral on Golf*: Iranien). 


A caiian. Niveau ile In mrr. 

Fosse k l'ean oligotropliique dans planta¬ 
tion de dattiers. I <1.1.40. 

Metjacyclops viridis ( 1 urine. Nombreux, 
surtout jeimes. 

Ahadav. Niveau do In mer. 

Autre fosse semblable dans plantation de 
dattiers. 10.1.40. 

Meyacyclops viridis Jurine. Nombreux, 
surtout jeunes. 

Acunlhocyclops bicuspid a tus odessunus 
Oh man k. 1J, 3y?. 

Metacyclops planus Gurney. 1 

Ard Imam. Niveau de la mer, pres Gue- 
navch. 

Tuits & l’eau saumatre. 0.2.40. 

Thermocyclops rylmri Smirnov. Nom¬ 
breux. 

Ann Imam. Niveau dc la mer, pres Gue- 
naveh. 

Etang d’eau douce oligot.rophique. 0.2.40. 
Eucyclops serndatus (Fischer). 1 q. 
Metneyclaps minutus (‘Ians. 1 y. 

Me lacy daps planus Gurney. 5 W, assez 
nombreux jeunes. 

A pocy clops dengizicus Lepeehk. 1 . 

Thermocyclops rylovi Smirnov. 7 
2 yy, 9 jeunes. 

Ahvaz. 24 in. 

Mare d’eau do pluie prf*s du jardin potager 
municipal. 14.1.40. 

Metacyclops minutus Claus. Tris nom¬ 
breux. 

Ahvaz. 24 m. 

Citcrne d’eau donee eroupissante. 9.1.40. 
Metacyclops minutus (’laus. Tr6s nom¬ 
breux. 

Ahvaz. 24 m." 

Mareeago a vegetation nquatique entre les 
deux voies ferrees, rive droite. 14.1.40. 
Aca nthocy claps hienspidatus odessunus 
Chinank. Assoz nombreux. 

Ahvaz. 24 in. 

Mare sans vegetation pres du pont, rive 
droite. 9.1.40. 

Metacyclops minutus Claus. Assez nom¬ 
breux. 

Ahvaz. 24 m. 

Petite mare dans le jardin potager munici¬ 
pal, pr<\s du fieuve. 14.1.40. 

Eucyclops serndatus (Fischer). 12 yy. 
Metacyclops minutus Claus. 2 yy. 
Ahvaz. 24 m. 

Maro temporairo pr^s de la distillerie, rive 
gauche. 18.1.40. 

Metacyclops minutus Claus. Tr&s nom¬ 
breux. 

Mesocyclops leuckurti Claus. Quelqucs 
jeunes. 

Ahvaz. 24 m. 

Petite mare pr6s d'un canal d’irrigation. 

20.1.40. 

Eucyvlop« senulatus (Fischer). 3 yy, 
2 jeunes. 


Ahvaz. 24 m. 

Petit etaug dans un champ pres dot* 
casernes. 14.1.40. 

Acunlhocyclops bicuspidutus odessunus 
Chmauk. Assez nombreux. 

Ahvaz. 24 m. 

Mareeage prfs de la voie ferree, rive droite. 

14.1.40. 

Acanthocyclops bicuspidatus odessunus 
Clunank. Plusieurs. 

Metacyclops minutus Claus. Peu nom¬ 
breux. 

Ahvaz. 24 m. 

11 ass in dans le jardin potager municipal. 

14.1.40. 

Mesncyclops leuckarti Claus. ()uelques* 
jeunes. 

Ahvaz. 24 m. 

Hassin dans un jardin prta du Knroun, 
rive gauche. 18.1.40. 

Eucyclops st rrulatns (Fischer). Quclq ues 
jeunes. 

Mesncyclops Icvckarti Claus. 3 y' f \ 
Ahvaz. 24 m. 

Hassin du Jardin national. 9.1.40. 

Mesncyclops leuckarti (’Ians. Nombreux, 
Ahvaz. 24 m. 

Bassin de l'Hob 1 Iran. 9.1.40. 

Mesoeyclops leuckarti Claus 7 cope- 
pod ites. 

Thermocyclops vermifer Lind berg. 8j\>, 
' tfi yy, 20 copcpodites. 

Ahvaz. 24 in. 

Etang d’eau saumatre pres de la cimetie e 
musulrnane. 21.1.40. 

Eucyclops scrrulatus (Fischer). 1 
l jenne. 

Aca nthocyclop s hintspidatus od(ssa u us 
Ciinmiik I :, I jeune. 

Metacyclops (fraud is pinifer Lind berg. 

1 ¥• 

Apocyclops deny hints Leprchk. 1 j, ly. 
Akhtar. Niveau de la mer. Port du 

Decktv. 

Reservoir eiel otivert. 27.2.40. 

Metacyclops minutus (’Ians. Peu nom¬ 
breux, oo ot jouncs. 

Akhtar. Niveau de la mer. Port du 

Deehty. 

Reservoir ft, ciel ouvert, ft surface de l’eau 
coiivorte de Lemna. 27.2.40. 
Metacyclops minutus Claus. Assez nom¬ 
breux, surtout jeunes. 

Akhtar. Niveau de la mer. Port du 

Deehty. 

Puits ft l’eau douce. 27.2.40. 

Mesoeyclops leuckarti Claus. 3 yy, 
plusieurs <3$. 

Andimechk (SaUhabad). Prfcs Dizfoul. 

Mare d’eau do pluie oligotrophiquo. 

12.1.40. . 

Metacyclops minutus Claus. PeU nom¬ 
breux, surtout jeunes. 

Thermocyclops sp. 1 cop6po<lite. 
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A. Son (Khouzistan et mttorai, nu Golfe Tranien)— contd. 


Aniumkchk {SaUhafxid)* Pros Dizfoul. 

Marc d’oau do pluio acmblable. 12.1.40. 

Met a cyclop s minutus Claus. Asacz nntn- 
breux. 

Assalou. Niveau do la mrr. Port du 
Deehty. 

Ktang salin eutrophiqiio, tom pontine. 

20.2.40. 

Metacyclops minutus Claus. Quelquea 
99 seulemont. 

Thermocy clops rylovi Smirnov. Peu. 
Assalou. Nivoau do la mor. Port du 
Deehty, 

Reservoir ft dome. 29.2.40. 

Metacyclops minutus Claus. Unc ving* 
taino do 99- 

Thermacyelops vermifer Lindberg. 1 9* 
Assalou, Niveau do la mer. Port du 
Deehty. 

Puits a l’eau douce, 29.2,40. 

M clary clops minultts Claus. Trcs peu, 
1 9* adult*. 

Mcsocychp v lenclcnrti Claus, 1 <£, l 9* 
Thermocy clops rylovi Smirnov. 1 9* 
Bender ClFAiiPOUR. Niveau de la mer. 

Mare a lVan samnatre. 20.1.40. 

Kury flops serf Hiatus (Fischer). 1 9* 

MHa cy slops minutus Claus. 1 V* 
Mesoeyclops leuckarti Claus. 3 oo» 2 V9» 

I eopepoditc. 

Beeper Ciiahpour. Niveau do la mer. 
Citerne d’eau douce. 20.1.40. ' 

Eucy flops serrulatus (Fischer). fiJJ, 
ir> 99, 1 eopepoditc. 

Metacyclops minutus Claus. 1 9- 
Mcsor y clops Icuckurti Claus, 11 

II 9i\ 11 eopepodites. 

Bender ltio. Niveau de la mrr. Port du 
Deoli tiatan. 

Puits h l’eau saumatre. 9.2.40. 

Metacyclops minutus Claus. Quelqnes 
j runes. 

Thermocyclops vermijer Lindberg. 1 9* 
BfcTANisH. Littoral du Deehty, a environ 
12 km. au noid de Dayyir. 

Puits. 20.2.40. 

Mctacyclojw minutus Claus. 1 9> qucl- 
ques jeunrs. 

Btrikou. Littoral du Tanguistan, k environ 
5 km. au nord de Lavar. 

Reservoir d’eau do pluie, il toit. 23.2.40. 
Metacyclops minutus Claus. Assez nom- 
breux. 

Mesoeyclops leuckarti Claus. Quelques. 
Birk£h Tchipou. Littoral du Deehty, k 
12 km. au sud de Kangan. 

Reservoir d’eau do pluie, k ciel ouvert. 

27.2.40. 

Metacyclops minutus Claus. Nombreux. 
Borazdjan. 76 m. 

Puits irPeau leg6rement saumatre. 10.2.40. 
Metacyclops grandispinifer Lindberg. 

1 6, 3 99. 

Mesoeyclops leuckgrli Claus. 1 J, 1 eop6- 
podite. 


BoR\r.n.TAN. 70 m. 

Bussin du Jardin nat ional. 10.2.40, 
Mesoeyclops leuckarti Claus. 1 cope- 
pod it®. 

Borardjan. 70 m. 

Petit efcang. 10.2.40. 

Metacyclops minutus Claus. Peu. 

Bord-Khoun. Littoral du Deehty, au sud 
de Khour Ziarat. 

Petit, etang k l’eau douce croupissantc. 

25.2.40. 

Metacyclops minutus Claus. Tres nom* 
breux. 

Bouchir. 1 m. 

Citerne »\ l’eau saumatre pr£s d’un puits. 

16.2.40. 

Thcrtnocyelnps microspinulosus Lindberg. 

1 4 99, 2 j runes. 

Bouciun. 1 m. 

Ktang tomporaire d’eau saiimat re. 16.2.40. 
Metacyclops minutus Claus. Peu. 

Rouen i r. 1 m. 

Autre 6tang somblable. 16.2.40. 
Metacyclops minutus Claus. Peu. 

Bounin. 1 m. 

Lngune. 18.2.40. 

Metacyclops minutus Claus. Peu. 

Boi renin. 1 m. 

Fosses A l’eau saumatre sur la routo k 
Tehaghadak. 16.2.40. 

Acatithocyclops bicuspidatus odcssanus 
Chiliank. 2 99* 

Mftacyslops minutus Claus. Quelques. 
Metacyclops grandispinifer Lindberg. 

2 9?. 

Metacyclops planus Gurney. 1 9* 

Hoijlkh£ir. Port du Tanguistan. 

Puits a l’eau donee. 22.2.40. 

Mesoeyclops leuckarti Claus. 20 9?» 

4 copepoditcs. 

Ciioutm (Suse). 

Marweage pres de 1’Imam Zadeh Abbas. 

11.1.40. 

Metacyclops minutus Claus. Peu. 

CnoucH (Suso). 

Fosse prfcs de la gare. 11.1.40. 

Eucyclops serrulatus (Fischer). 4 

14 9V» 2 jeunes. 

Ectocy clops rubeseens Brady. 1 9* 
Megacyclops virulis Jurine. 1 9* 
Microcyclops varicans Ears. 2 V9* 
Metacyclops planus Gurney. 1 9* 

Choucii (Suse). 

Citerne pres de la gare. 11.1.40. 

Eucyclops scrrulatus (Fischer). 1 $, 
Megacyclops riridis Jurin**. 1 9* 
Microcyclops varicans Sars. I 9* 
Mesoeyclops leuckarti Claus. 16 66* 

15 99, 21 copepoditcs. 
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A. Sud (Khouzistan et littoral du Golfe Iranien)— concld . 


Chou oh (Suae). 

Mar6cage pr6s du village. 11.1.40. 

Eucyclop8 serrulatus (Fisohor). 12 A A* 
8 99# 13 eopdpodites. 

Ectocyclops rubescens Brady. 7 99# 

2 jounos. 

Megacyclops viridit Jurine. 28 AA> 
35 99» 35 jeunes. 

Microcyclops varicans Sars. 9 A A* 23 99# 
15 oop6podites. 

CuouriiTRR. 84 m. 

Maro dans lo lit do la riviere Minaon 
(Miandoab). 23.1.40. 

Eucy clops serrulatus (Fischer). Nom- 
brcux. 

Metacyclops minutus Claus. Assez nom- 
breux. 

ClTOUCHTER. 64 m. 

Riviere Minaou (Miandoab), au sud do la 
ville. 23.1.40. 

Eucy clops serrulatus (Fischer). Feu. 
Taracyclops vagus Lind berg. 3 99* 
Cyclops strenuus divergens Lindberg. 

‘19. 

DarQ\ t oin. Environ 33 km. au nord do 
Khoi\ramchahr. 

Fosse) 17.1.40. 

Pardcyclops firnbriatus (Fischer). 1 9 . 

Act hit hocy clops bicuspidatus odessanus 
('haniank l 9. 

Metacyclops minutus Claus. 1 1 jeune. 

Mesocyclops leuckarti Claus. 4 cope* 
podites. 

Dayyir. Niveau do la mer. Port rlu 
Doehty. 

Pults A l’eatf saumatre. 26.2.40. 

Mesocyclops leuckarti Claus. 1 A* 1 9- 
Thermocyclops rylovi Smirnov. Nom- 
breux. 

Dilvar. Littoral du Tanguistan. 

Reservoir d’eau douce, u toil. 21.2.40. 
Metacyclops minutus Claus. Pen. 
Dilvar. Littoral du Tanguistan. 

PuitH h l’eau saumatre. 21.2.40. 

Thermocyclops vermifer Lindberg. 2 99 . 

Dizfoul. 149 m. 

Mare temporaire. 12.1.40. 

Metacyclops ?ninutus Claus. Quelques. 

Dtzfoil. 149 m. 

Mare soutorraine dans le roe. 12.1.40. 
Taracyclops firnbriatus (Fischer). 1 A* 

Dizfoul. 149. 

Mare temporairo. 12.1.40. 

Mtlacyclops minutus Claus. Quelques. 

Dizfoul. 149 m. 

Maro temporairo *\ l’eau saum&tre. 12.1.40. 
Metacyclops minutus Claus. Pou. 
Metacyclops planus Gurney. 1 A» 

Dizfoul. 149 m. 

Maro temporairo. 12.1.40. 

Metacyclops minutus Claus. 2 A A* 5 99 . 
Metacyclops planus Gurney. 1 9 . 


Domagaz (Dam%ii Gaz). Port du Doehty. 
Puits iL l’eau saumatre. 26.2.40. 
Metacyclops mihutus. Quelques. 

Gahi. Littoral du Tanguistan, h 3 km. au 
nord do Boulkheir. 

Puits a I’eau saumatre. 22.2.40. 

Mesocyclops leuckarti Claus. Quelquor. 

Gorgor. Sur le Djorrahi, h 62 km. au sud 
d’Ahvaz. 

Marais pr 6 s dc la voio fcrr 6 e. 20.1.40. 
Metacyclops minutus Claus. Nombreux 
AA ot oop 6 podites. 

GlAnav^h. Port du Dechtistan. 

Mare d’eau saumatre. 9.2.40. 

Metacyclops minutus Claus. Quelques. 
Apocyclops dengizicus Lepechk. 1 A- 
Thermocyclops rylovi Smirnov. 1 A* 3 99* 

Hadakoit. Littoral du Tanguistan. 

Puits fc l’eau douce. 23.2.40. 

Metacyclops minutus Claus. 4 A A, 9 99- 
Mesocyclops leuckarti Claus. 24 J J, 6 VV» 
79 cop 6 podit.es. 

Thermocyclops rylovi Smirnov. 4 AAt 

9 99 . 

HadaKOU. Littoral du Tanguistan. 

Etang d’eau douce dans plantation do 
dattiers. 23.2.40. 

Metacyclops minutus Claus. Quelques 
99 adultes, et assez nombreux jeunes. 

Kangan (Kanuoun). Port du Doehty. 
puits k I’eau saumatre. 27.2.40. 

Metacyclops minutus Claus. Quelques. 

Karri. Port du Tanguistan. 

Puits a l’eau douce. 23.2.40. 

Mesocyclops leuckarti Claus, line ving- 
taine. 

Ku alfarad. Sur le Djorrahi, h 76 km. au 
sud-est d’Ahvaz. 

Petite mare sans vegetation. 30.1.40. 
Metacyclops minutus Claus. Tr 6 s nom¬ 
breux. 

Khalfarad. Sur le Djorrahi, a 76 km. au 
sud-est d’Ahvaz. 

Petit etang sans vegetation (lieu do lavage). 
30.1.40. 

Metacyclops minutus Claus. Ext” 6 mo¬ 
ment nombreux, surtout AA ut cop 6 - 
podites. 

Kiiorramchahk. 8 m. 

Ruisseau bourbeux. 12.9.35. 

Eucydops serrulatus (Fischer). 4 99* 
Mesocyclops leuckarti Claus. Quelques 
99 et jeunes. 

Thermocyclops rylovi Smirnov. 2 A A* 
quelques 99 * 

Khorramchahr. 8 m. 

Fleuve Karoun, pr 6 s du Chatt-el-Arab. 
12.9.35. 

Mesocyclops leuckarti Claus. Quelques 

*?• 
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KRORKAMCHAHR. 8 Ill. 

Petit mareeage. 17.1.40. 

Cyclops strenuus divergent Lindberg. 
QnolqucH JJ, 6 99- 

Acnnlhocyclojis bicuspidatus odessanus 
Cl mank. ‘Quelques 99 et jeunca. 
Microcyclops raricans Sars. 1 J* 
Metacyclops planus Gurnoy. 6 J J, 4 99* 

Kiiorramchahr. 8 m. 

Bras-morts do cnnaux d’irrigation dans 
plantation de dattiers. 10.1.40. 

Cyclops drenuus divergens Lindberg. 

o 99. 

Acanthocyclops bicuspidatus Claus. 1 V* 
Acanthocyclops bisetovus Rehberg. 4 V9' 
Metacyclops planus Gurney. 1 9* qu©l- 
ques jeur.es. 

Khorramghahr. 8 m. 

Fosse. 10.1.40. 

Cyclops strenuus divergent Lindberg. 
Quelques V9 ©t jeunes. 

KirnRRAMf'HAHR. 8 m. 

Fosse. 10.1.40. 

Eucyclop* serrulatns (Fischer). 2 99» 

1 eopepodite. 

Mega rye/ops riridis Jurine. 10 JJ, 
12 copepodites. 

Mdacy cl ups planus Gurney. 1 J, l 9- 

Kmorrimgiiahr. 8 m. 

Bras-mort de canal d’irrigation de planta¬ 
tion de dattiers. 16.1.40. 

Cyclops strenuus divergent Lindberg. 
Plusieurs. 

Mcgacyclnps fir id is Jurine. 2 99. 
Mesocyrlops lenckarti Clans. 1 y. 

Khorramcfi\hr. 8rn. 

Bras-mort dr canal d'ii ligation, cote 
Kamun. 17.1.40. 

Cyclops strenuus divergens Lindberg. 
Plusieurs. 

Khorramchahr. 8 m. 

Petite mare. 17.1.40. 

Cyclops strenuus divergens Lindberg. 

1 <J. 

Megacyclops riridis Jurine. 1 9* 
Acanthocyclops bicuspidatus Claus. 1 9* 
Metacyclops planus Gurney. 19* 

Kordou. Littoral du Deehty, & environ 
6 km. au nord de Khour Ziarat. 

Puits k l’eau douce dans plantation de 
dattiers. 25.2.40. 

Metacyclops minutus Claus. Nombrcux. 

Ling i: fin. Niveau de la mer. 

Puits k l’eau saumatre. 21.10.35. 
Thermocyclops vermijer Lindberg. Quel- 
ques 99* 

Mansouri. 52 km. au sud d’Ahvaz. 

Etang oligotrophique. 20.1.40. 
Metacyclops minutus Claus. Quelques. 


Marohazar. 88-5 km. au sud d’Ahvaz. 

Fosse pr^s de la gare. 20.1.40. 

Eucyclops serrulatns (Fischer). 1 y. 
Acanthocyclops bicuspidatus odessanus 
Chmank. 1 y. 

Metacyclops minutus Claus. 1 7. 

Cyclops sp. Copepodites 3, non identi¬ 
fies. 

Mian Dacht. 16 km. an sud d’Ahvaz. 

Mares entre la gare de Karoun et cello do 
Mian Uaeht. 21.1.40. 

Metacyclops minutus Claus. Assez mini* 
broux. 

Metacyclops planus Gurney. 1 y. 

Mian Dacht. 16 km. au Bud d’Ahvaz. 
Marais pri's de la voie ferree. 21.1.40. 
Metacyclops minntus Claus. Plusieurs. 
Metacyclops planus Gurney. 1 y, quel¬ 
ques •copepodites. 

Nakhl Taqi. Littoial du Deehty. 

Etang d’eau douce eroupissante sans 
vegetation. 20.2.40. 

Thermocyclops rylori Smirnov. Extreme- 
ment nombreux. 

Nakhu Taqi. Littoral du Deehty. 

Etang d’eau saumatre, a l’eau aasez propre, 
k vegetation aquatique. 20.2.40. 
Thermocyclops ryluvi Smirnov. Pen. 

Nerekouh. Littoral du Deehty, k environ 
36 km. an sud de Lavar. 

Puits it l’eau saumatre. 25.2.40. 

Metacyclops minutus Claus. Quilques 
Jo copej odites. 

Oru (Am), Littoral du Diehty, h 3 km. 
au nord de Dayyir. 

Puits. 26.2.40. 

Mesocyclops hucJcnrti Claus. Plurieurs. 
Thermocyclops rettniftr Lindberg. Quel¬ 
ques. 

Parak. Littoral du Deehty, sud-est de 
Tahiri. 

Etang salin k 2 km. au sud du village. 
28.2.40. 

Halicyclops Ihertnophilus spinijtr Kiefer. 

0 79 . 

Metacyclops minutus Claus. 3 JJ, 5 79, 
5 copepodites. 

Metacyclops grandispinifer Lindberg. 

1 9* 

Thermocyclops vermijer Lindberg. 3 JJ, 
3 copepodites. 

Parak. Littoral du Deehty, sud-est de 
Tahiri. 

Marc d’eau eroupissante. 28.2.40. 

Metacyclops minutus Claus. Trfes nom¬ 
breux. 

Thermocyclops vermijer Lindberg. 1 9 , 
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Porzftn. Littoral du Dcchty, sud-ost de 
Tahiri. 

Puits h Fean douee. 28.2.40. 

Mesocyclops leuckarti Claus. Quclques. 
Thermocyclops vermifer Lindberg. Uno 
containe. 

RAchir. 11 km. de Bouchir. 

Puits k l’eau douce. 13.2.40. 

Microcyctops linjanticus Kiefer. 8 99* 
Mesocyclops leuckarti Claus. 1 9» ,r> cope 
pod it os. 

Thermocyclops vermifer Lindbcrg. 1 J, 
quclques 9? ct jcunes. 

RfecHiR. 13 km. de Bouchir. 

Mare do riviere pr£s de Paitoll. 14.2.40. 
Metacyclops grandispin ifer Lindbcrg. 

5 JJ, 3 99, 17 copepodites. 
Thermocyclops rylovi vSmirnov. 2 JJ, 

2 99- ‘ 

Tadjoumelkeh. Littoral du Dechtistan, an 
pied des monts Mahour, an nord-ost dc 
Ouonavch. 

Puits k l’ean saumatre. 8.2.40. 

Thermocyclops rylovi Smirnov. 4 JJ, 

15 99, 10 copepodites. 

Tahiri. Port du Dcchty. 

Puits k l’eau douee. 28.2.40. 

T hermoty cl ops vermifer Lindbcrg. Quel- 
qucs JJ, jeunes, 4 99, nombreux cope¬ 
podites. 

Tahiri. Port**du Dcchty. 

Mare d’eau douce croupissanto. 28.2.40. 
Metacyclops minutus Claus. 19 JJ, 

24 99. 

Thermocyclops vermifer Lindbcrg. 3JJ, 

1 9, 22 copepodites. 

B. Plateau, momtagne 

Ahmed a had (Dincjar). Environ 800 m. 
50 km. au sud de Firouzabad. 

Petit 6tang tomporaire d’eau dc pluie 
oligotrophique. 3.3.40. 

Metacyclops minutus Claus. Tres nom¬ 
breux. 

Baba Hadji. 1463 m. 30 km. au sud de 
ChiraZs 

Etang permanent, d’eau douce eutrophiquo. 
11.3.40. 

Macrocyclops alhidus Jurine. 3 99* 
Eucyclops euacanthus Sars. 1 9* 

Eucyclops farsicus Lindbcrg. Asscz nom¬ 
breux. 

Tropocyclops confnis Kiefer. Plusieurs. 
Paracyclops vagus Lindbcrg. 1 9 . 
Ectocyclops phakratus (Koch). 1 9 , 

1 joune. 

Microcyclop8 linjanticus Kiefer. 1 9 . 

Baqirabad. 32 km. au nord de Qoum. 

Petit etang d’eau douce. 17.3.40. 
Acanthocyclops bisetosus Rehberg. 1 9 . 


Tahiri. Port du Dcchty. 

Puits a l’cau douce entro Tahiri et Nakhl 
Taqi. 28.2.40. 

Mesocyclops leuckarti Claus. 2 JJ» 
viron 75 V9» bcaucoup a sacs ovigcrcs. 
Thermocyclops vermifer Lindbcrg. 2 JJ, 
1 copepoditc. 

Tahiri. Port du Dechty. 

Reservoir k toit. 28.2.40. 

Mesocyclops leuckarti Claus. Pcu. 
Thermocyclops vermifer Lindberg. Pcu. 
Tahiri. Port du Dcchty. 

Reservoir dclabre sans toit, h, Fean couverto 
dc Lcmna. 28.2.40. 

Thermocyclops vermifer Lindbcrg. Tres 
nombreux. 

Tohabadi. Environ 5 km. au sud de 
Hadakoti. 

Marais d’eau douce. 23.2.40. 

Acanthocyclops bisetosus Rehberg. 1 9* 
Microcyclops vnricans Sars. 1 9* 
Metacyclops minutus Claus. Tres nom¬ 
breux, surtout jeunes. 

Mesocyclops leuckarti Claus. Quclques 
jeunes. 

Thermocyclops vermifer Lindberg. 1 +• 
Tchaghadak. 24 km. a l’est de Bouchir. 
Petit etang d’eau croupissanto dans le 
village. 18.2.40. 

Metacyclops minutus Claus. Asscz nom¬ 
breux. 

Tchaghadak. 24 km. a l’est de Bouchir. 
Fosse a l km. du village. 18.2.40. 

Acanthocyclops bicuspidntus odcssemns 
Chmank. Plusieurs. 

Metacyclops grandispinifer Lindberg. 

1 9 . 

Zikhak. Littoral du Tanguistan. 

Puits a Fean douce. 23.2.40. 

Metacyclops minutus Claus. 3 99* 
Mesocyclops leuckarti Claus. Quclques. 
Thermocyclops tinctns Lindberg. 1 9* 

3 du Sub, Nord-Est. 

BfmnfeHAN. 396 m. 

Puits a l’cau saumatre. 4.2.40. 

Metacyclops minutus Claus. 1 J. 
Mesocyclops leuckarti Claus. 1J, 1 9* 
Thermocyclops vermifer Lindberg. 3 9V* 
B£hb£ha:n. 396 m. 

Reservoir k eiel ouvert. 2.2.40. 

Metacyclops minutus Claus. Nombreux. 
B1 shr£han. 396 m. 

Fosse d’eau' de pluie a 3 km. a l’oucst de 
la ville. 1.2.40. 

Metacyclops minutus Claus. Peu nom¬ 
breux. 

B£hb£han. 396 m. 

Reservoir a eiel ouvert. 2.2.40. 

Metacyclops minutus Claus. Quclques 
jeunes. 

Mesocyclops kuckarti Claus. 1 9,1 jeune. 
B£hb£han. 396 m. 

Petite rivikro temporaire. 3.2.40. 
Eucyclops serrulatus (Fischer). 4 JJ, 

9 99. 

Metacyclops minutus Claus. 2 JJ. 
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BAhb£han. 396 m. 

Bassin de PHnpital municipal. 3.2.40. 
Eucydops serrulatus (Fischer). Plusieurs, 
surtout jeunes. 

B<:hbehar. 396 m. 

Puits a l’cau saumatre dans les champs. 

2.2.40. 

Eucydops serrulatus (Fischer). 1 <$. 
Acanthocycbps bicuspidatuft Claus. 1 J. 
Metacyclops minutus Claus. 4 <J<J, 3 99, 
8 copepodites. 

Mcsocyclops leuclcarti Claus. 5 jounes. 

Behh£iian. 396 m. 

Reservoir fi cicl ouvert. 4.2.40. 

Metacyclops minutus Claus. Tres nom¬ 
breux, jeunes. 

BftnutHAN. 396 m. 

Petite citerne d’eau do puits Hoiumatre pros 
de rimarrt Zadeh Bachir-un-Nasir. 

4.2.40. 

Eucydops serrnhitus (Fischer). 2 
M icrorydops Vatican* Sars. 1 9* 
Metacyclops minutus Claus. 8 2 99, 

8 copepodites. 

Mesocychps leuckarti Claus. 1 1 9, 

7 jcunos. 

T hr rmocy slops vermifer Lind berg. 1 
16 99.* 

BGiinfaiAN. 396 m. 

Reservoir d’eait de pluie a ciel ouvert, 
prta de rimam Zadeh Baehir-un-Nasir. 

4.2.40. 

Metacyclops minutus Claus. Tres nom- 
breux. 

B/mufcHAN. 396 m. 

Bassin du Jardin national. 2.2,40. 
Eucydops serrnfatus (Fischer). 130 
78 99, trf*s nombreux copepodites. 
Metacyclops minutus Claus. 1 1 joune. 

Mesocychps leuckarti Claus. 7 7 99, 

12 copepodites. 

Thcrmocyclops vermifer Lind berg. 1 <3, 
6 99, 2 jeunes. 

BfcnnfciiAN. 396 m. 

Petit etang temporaire d’eau dc pluie* 

2.2.40. 

Mdacydops minutus Claus. Nombreux. 
BfciTBfiHAN, 396 m. 

Mare do riviere temporairo h l’eau sau¬ 
matre, sans vegetation. 2.2.40. 
Eucydops serruhtus (Fischer). Plusieurs 
cJ^, Quelques 99. 

B&HBftifAN. 396 m. 

Reservoir souterrain vout£. 2.2,40. 

Eucydops serrulatus (Fischer). Nom¬ 
breux. 

Mio'Ocychps moghulensis Lind berg. 1 9- 
Mes*)tydops leuckarti Claus. 3 jeunes. 


B£hb£han. Environ 500 m. 

Petit etang d’eau douce dans les montagnes 
a 24 km. de la ville. 1.2.40. 

Metacyclops minutus Claus. 2 99* 
Metacyclops grandispinifer Lindberg. 

2 99 - 

Thcrmocyclops tindue Lindberg. Plusi¬ 
eurs. 

Bfcrin£iiAN. Environ 450 m. 

Mare de riviere dans les montagnes a 
environ 20 km. au sud-ouest de la ville. 

1.2.40. 

Metacyclops grandispinifer Lindberg. 

1 9, plusieurs jeunes. 

Thcrmocyclops tinctus Lindberg. Quel¬ 
ques. 

Boroudjerd. 1676 m. 

Etang eutrophique d’eau douce. 19.9.35. 
Eucydops scrrulatvs (Fischer). Quelques 

99- 

Megacydops viridis J urine. Quelques 
assez nombreuses 9V« 

Boroudjerd. 1667 in. 

Citerne iv l’eau douce. 19.9.35. 

Cyclops strenuus divergent Lindberg. 
Tr6s nombreux. 

Thcrmocyclops dybowskii Lande. Nom¬ 
breux. 

Boroudjerd. 1676 m. 

Autre citerne a l’aau douce. 19.9.35. 
Cyclops strenuus divergens Lindberg. 
Nombreux jeunes. 

Bo vrm. Environ 1000 m. Au sud de 
Callehdar ei:tre Fat et Difau. 

Sourer d’eau douce. 1.3.40. 

Eucydops scrrulatus (Fischer). Plusieurs 
Ectocyclops rubcscens Brady. 1 9, 

1 copepoditc. 

Bovrm. Environ 900 m. Entre Bourm ut 
Fal. 

Mare de riviere a lVau douce. 1.3.40. 
Tropocyclops con finis Kiefer.Quelques 

99. 

Chah Abdol Azim. 1015 m. Au sud de 
Teheran. 

Bassin du sanctuaire. 16.11.39. 

Cyclops strenuus divergens Lindberg, 
Quelques. 

Ciiahrovd. 1385 m. 

Bassin d’un caravanserail. 28.11.39. 
Eucydops serrulatus (Fischer). Assez 
nombreux. 

Chahroud. 1385 m. 

Bassin de la Banque Mellie. 28.11,39. 
Eucydops serrulatus (Fischer). Nom¬ 
breux. 

Chahroud . 1385 m. 

Petite mare a lond de feuillcs d6compos6es. 
28.11.39. 

Eucydops serndatus (Fischer). Nom¬ 
breux. 
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Chahroud. 1385 m. 

Marc prfos d’un canal d'irrigation. 
28.11.30. 

Eucyclopa serrulatua (Fischer). Tr&j 
nombreux. 

Chahhoud. 1386 m. 

Autre marc prfcs d’un canal d’irrigation. 
28.11.30. 

Eucyclopa aerrulatua (Fischer). Nom¬ 
breux. 

Chikaz. 1585 m. 

Puits k l’eau saumatre. 7.10.36. 

Eucyclopa aerrulatua (Fischer). Teu. 
Chikaz. 1585 m. 

Autre puits k I’eau saumatre. 7.10.36. 
Eucyclopa aerrulatua (Fischer). Pcu. 
Cyclop s atrenuu8 divergena Lind berg. 
Quelqucs. 

Chikaz. 1685 m. 

Citemo soutc.rraiae du tombeau de Hafez. 
0.10.36. 

Vyclopa atrenuus divergena Lind berg. 
Plusieurs et 99* 

Chikaz. 1585 m. 

Hassin pr6s du tombeau de Hafez. 14.3.40. 
Vyclopa atrenuus divergena Lindberg. 
Une vingtaine. 

Chikaz. 158 m. 

Autre hassin prta du tombeau de Hafez. 

14.3.40. 

Mcgncyclnps viridia .1 urine. 1 9> 1 jcunc. 

Chikaz. 1585 n.. 

Hassin d’un jardin. 11.3.40. 

Eucyclopa aerrUtatua (Fischer). 1 9- 
(Cyclops atrenvua divergena Lindberg. 
1), 1 9, 2 jeunes. 

Mrgacydopa viridia,. I urine. 2 jeunes, 

DaR-ol-Mizan. 305 m. Au nord-tsr de 
Djam. 

Reservoir a ciol ouvert. 3.3.40. 

.1/ efucyclops minvtua Claus. Une ving¬ 
taine. 

Meaocyclopa leuckarti Claus. 1 \\ 

Deriikni) (Chrmikan). Environ 1350 m. 
Mare d’un torrent. 13.10.30. 

Eucyclopa ruttneri elburzicnaia Lindberg. 
Quell] ues. 

DkKbend (ChkmikaN). Environ 1350 in. 
Mare d’un torrent. 13.10.30. 

Eucyclopa ruttneri elburziensia Lindberg. 
Plusieurs. 

Derbend (Chemtran), Environ 1350 m. 
Mare d’un torrent. 17.10.39. 

Eucyclopa ruttneri elburzicnaia Lindberg. 
Flusieurs. 

Acanthocyclopa bicuapidatus Claus. Quel- 
ques. 

I)ihak. Environ 800 m. Entre Dnr-ob 
Mizan et Kourdeh. 

Source d’eau douce. 4.3.40. 

Microcyclops varicans Sara. Quelques 

99. 

Microcyclops Unjanticu a Kiefer. 1 9* 


Dir.ou. Environ 1200 m. Entre Assalou ct 
Bourm. 

Reservoir d’eau douce a eiel divert, 

1.3.40. 

Metacyclops minutus Claus. Quelqucs. 

Djam. 548 m. 

Puits k l’eau douce. 3.3.40. 

Mcaocyrlopa leuckarii Claus. Qhelques. 

Djam. 548 m. 

Citorne natUrelle dans le roc sUf la route 
vers Makkou. 3.3.40, 

Thermocydopa tinetus Lindberg. 43 o 
8 $V. 71 eopepodites. 

Djam. 648 m. 

Mares de riviere sur la route vers Makkou . 

3.3.40. 

Eucydops aerrulatua (Fischer). 7 
6 '??- 

Tropocydopa confinis Kiefer. 2 (.yj, 

3 99 - , 

Microcyclops linjanticua Kieter. 1 9* 
Meaocyclopa leuckarti Claus. 2 99* 

1 cop^podite. 

DjavakaK (I)javakou). Environ 1200 m. 
Environ 33 km. au nord de Firouzabad. 
Mare prfs d’un ruisseau a \ lactation emer¬ 
gen te. 10.3.40. 

Eucyclopa aerrulatua (Fischer). 30 q 
40 99, 55 eopepodites. 

Firouzabap. 

Hassin. 10,3.40. 

Eucyclopa aerrulatua (Fischer). 1 q, 
6 99, 3 eopepodites. 

Megacydoph viridia .1 urine. 2 99- 
Meaocyclopa leuckarti Claus. 1 ( ^, 3 V9* 
2 eopepodites. 

GALl.feHDAR. 

Reservoir k la surface de I’cau eouverte do 
Lemna. 2.3.40. 

Metacydopa minutus ClaUs. Tres peu. 
Gall£iidar. 

Reservoir a lVau sans Lemna. 2.3 40. 
Metacydopa minutus Claus. Tres nom¬ 
breux, surtout 
Gall£hpaK. 

Reservoir a I’eau sans Lemna. 2.3.40. 
Metacydopa minutus (’laus, 1 J. 
Thcrmocyclopa re r mi fee Liadberg. AkspZ 
nombreux. 

Gatoii Saran. Dans les montagnes du 
Kouguilouveh. a i nviron 70 km. an silli¬ 
est de B^hbehan. 

Mare pres d’un torrent d’eaW douce, 

5.2.40. 

Eucyclopa setrulaiua { Fisehiv). ] o, 
Metacydopa minutu * Claus. Quelqucs. 
Metacyclops grand ispiuifer Lindberg. 
Plusieurs. 

Isfahan. 1616 m. 

Puirs a l’eau douce. 1.10.35. 

Cyclops atrenuus divergtnu Lindberg. 
Plusieurs. 
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K. Lindberg : Cydopides de VInde.. 

B. Plateau, montaones du Sud, Nord-Est— contd. 


laPAJfAN. % 1010 m. 

Autre puits a l'eau douce. 1.10.35. 

Cyclops strenuu8 divergens Lind berg. 
Quelques. 

Isfahan. 1010 m. 

Etang d'eau douce. 30.9.35. 

Eucyclops serrulatus (Fischer). 2 jeunes. 
Paracyclops fimbriatus (Fischer). 1 $. 
Isfahan. 1010 m. 

Petit 5tang pris d’un ruispeau. 10.3.40. 
Eucyclops 8errulatu8 (Fischer). Quel¬ 
ques. 

Isfahan. 1010 m. 

BasRin do l'HAtel Tchahar Bagh. 10.3.40. 
Eucyclops serrulatus (Fischer) ? 

(Atypiquo). 2 $<$, 2 99. 
Thermocyclopa rylovi Smirnov. 1 $. 
Isfahan. 1010 m. 

Puita. 10.3.40. 

Paracyclops fimbriatus (Fischer). 3 99> 
1 jeune. 

Megacyclops viridis Jurine. 2 cJcJ, 2 99> 
10 jeunos. 

Thermocyclops sp. 1 cop^podite. 
Keredj. 1202 m. 

Mare h feuilles decomposers. 1.1.40. 
Eucyclops serrulatua (Fischor). Tr^s 
nombroux. 

Cyclops strenuus ' divergens Lindberg. 

1 9 . 

Keredj. 1202 m. 

Petite maro eutrophique. 1.1.40. 

Eucyclops aerrulatus (Fischer). Nom- 
breux. 

Eucyclops ruttneri elburziensis Lindberg. 

IV. 

Megacyclops viridis Jurine. 4 99i 

1 jeune. 

Keredj. 1262 m. 

Maro de riviere & l’eau remplie d’algues. 

1.1.40. 

Eucyclops serrulatus (Fischer). Plusieurs, 
Keredj. 1262 m. 

Autre mare do riviere semblable. 1.1.40. 
Eucyclops serrulatus (Fischer). Plusiours. 
Keredj. 1262 m. 

Mare k vegetation emergen te. 1.1.40. 
Eucyclops aerrulatus (Fischer). Trks 
nombroux. 

Khorab. Environ 38 km, au sud de Firou- 
zabad . 

Rividre k l’eau saum&tre bord 6 o de v 6 g£ta- 
tion. 6.3.40. 

Eucyclops euacanthus Sars. 3 
Ectocyclops rubescens Brady. 2 9V* 
Jjfetacychps minutus Claus. 1 $. 
Mesocyclops leuckarti Claus. 1 
KourdAh. 305 m. A 30 km. au sud-est de 
Dizgah. 

Puits a l’eau saumatre. 4.3.40. 

Mesocyclops leuckarti Claus. 3 1 9> 

quelques cop^podites. 

Lar. Environ 900 m. 

Reservoir. 13.10.35. 

Mesocyclops leuckarti Claus. Quelques. 


Lar. Environ 900 m. 

Autre r 6 aervoir. 13.10.35. 

Mesocyclops leuckarti Claus. Peu. 

Lar. Environ 900 m. 

Autre reservoir. 15.10.35. 

Mesocyclops leuckarti Claus. Peu. 

Lar. Environ 900 m. 

Bassin k l’eau saum&tre d’uno mosque©. 
15.10.35. 

Mesocyclops leuckarti Claus. Extr£me- 
ment nombreux. 

Lar. Environ 900 m. 

Bassin k l’eau saum&tre d’une canalisation. 
15.10.35. 

Mesocyclops leuckarti Claus. Nombreux 

Lar. Environ 900 m. 

Puits k l’eau aaumatre. 15.10.35. 
Mesocyclops leuckarti Claus. Quelques. 

Lar. Environ 900 m. 

Autre puits k l’eau saum&tre. 15.10.35. 
Mesocyclops leuckarti Claus. Quelquos. 

Makkou. Environ 7 km. au nord-est de 
Djam. 

Reservoir d’eau douce, vodt 6 . 3.3.40. 
Metacyclops minutus Claus. Unc cen- 
taine do ©t de cop^podites, 7 $9 
adultes. 

Thermocyclops tinctus Lindberg. Quel¬ 
ques 99 . 

MansouriyAh. Environ 396 m. 0 km. de 
BMthan. 

Petit etang. 3.2.40. 

Metacyclops minutus Claus. Peu. Quel¬ 
quos 99 adultes. 

MansouriyAh. Environ 396 m. 6 km. de 
Bthblhan. 

Petite mare. 3.2.40. 

Metacyclops minutus Claus. Nombreux. 

MansouriyAh. Environ 396 m. 6 km. do 
BMthan . 

Fosse dans plantation de dattiers. 3.2.40* 
Metacyclops minutus Claus. Nombreux. 

MansouriyAh. Enviros 396 m. 6 km. de 
Bthbthan. 

Reservoir d’eau douce, h toit d£labr£. 

3.2.40. 

Metacyclops minutus Claus. Tree nom¬ 
breux. 

MansouriyAh. Environ 396 m. 9 km. de 
Bbhbihan. 

Petit etang prks des montagnes. 3.2.40. 
Metacyclops minutus Claus. Nombreux. 

MansouriyAh. Environ 396 m. 6 km. de 
Bbhblhan . 

Mare a surface couverte d’algues vertes. 

3.2.40. 

Eucyclops serrulatus (Fischer). 1 9* 
Tropocyriops prasinvs (Fischer). 1 9* 
Metacyclops minutus Claus. Assez nom* 
breux. 

Metacyclops planus Gurney. Plusieurs. 
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MAchhkd. 930 m. Qazvine. 1274 m. 

Bassin du Jardin national. 8.11.35. Autre bassin de la mosqu6o du Roi. 


Macrocyclops albidus Jurino. 2 5 99* 

Eucyclops 8errulatu8 (Fischer). Qucl- 
ques. 

MAciihed. 930 m. 

Bassin de I’Hotol de Paris. 8.11.35. 
Eucyclops 8errulatu9 (Fischer). Quel- 
» ques 99- 

M&chhed. 930 m. 

Bassin d’un jardin priv6. 8.11.35. 
Eucyclops serrulatus (Fischer). Qucl- 
ques jeunos. 

Acanthocyclop8 bicuspidatus Claus. Plu- 
siours, surtout jounes. 

M^chhed. 930 m. 

Bassin d’un autre jardin. 8.11.35. 
Thermocyclop8 hyalinus (Kchberg). Plu- 
siours 29» 

PasohalAh (Chemiran). Environ 1375 m. 
Dans de la mousse aupr6s d’uno cascade. 

13.10.39. 

Eucyclops serrulatus (Fischer) ? 1 $ 

jeune. 

PasohalAh (Chemiran). Environ 1375 m. 
Mare d’un torrent. 13.10.39. 

Eucyclops ruttneri elburziensis Lindberg. 

19. 

Paracyclop8 fimbriatus (Fischer). 1 

19 . 

Therrnocyclop8 sp. 1 copepodite. 

Pazanoijn. Environ 15 km. k l’ouest de 
BMtfian. 

Torront sans vegetation a eau limpide, 
31.1.40. 

Metacyclops minutus Claus. Uno tren- 
taine. 

Qazvine. 1274 m. 

Bassin d’uno maison particuHere. 12.11.39. 
Megacyclops viridis Jurine. Quclques. 
Acanthocyclops bicuspidatus Claus. 1 <£. 

Qazvine. 1274 m. 

Bassin d’un caravanserai 1. 12.11.39. 
Cyclops strenuus divergent Lindberg. 
ft jounes. 

Megacyclops viridis Jurino. 2 jeunos. 
Acanthocyclops bicuspidatus Claus. Quel- 
quoH. 

M irrocyclops bicolor Sara, 1 9* 

Qazvine. 1274 m. 

Bassin d’unc petite mosquee. 12.11.39. 

(Cyclops strenuus divergent Lindberg. 
Plusicurs. 

Acanthocyclops K bicuspidatus Claus. 
Plusieurs. 

Qazvine. 1274 m. 

Bassin de la mosau6o du Roi. 12.11.39. 
Cyclops strenuus diverge ns Lindberg. 
Nombreux. 


12.11.39. 

Cyclops strenuus divergens Lindberg. 
Nombreux. 

Qazvine. 1274 m. 

Autre bassin d’unc petite mosquee. 

12.11.39. 

Cyclops strenuus divergent Lindberg. 

Assez nombreux jeunos. 

Acanthocyclops bicuspidatus Claus. 
Plusieurs. 

Qazvine. 1274 m. 

Bassin do la mosqueo principale. 12.11.39. 
Cyclops strenuus divergent Lindberg. 
Tres nombreux. 

Qazvine. 1274 m. 

Autre bassin do la mosquic principale. 

12.11.39. 

Cyclops strenuus divergens Lindberg. 
Assez nombreux. 

Qoum. 1061 m. 

Fleuve saline. 22.9.35. 

Eucyclops serrulatus (Fischer). Quol- 
ques. 

Qottm. 1061 m. 

Citerne Ji l’eau saumatre. 23.9.35. 

Cyclops strenuus divergens Lindberg. 
Assez nombreux. 

Acanthocyclops bicuspidatus Claus. 
Assez nombreux. 

Qoum. 1061 m. 

Autre citerne a l’eau saumatre. 23.9.35. 
Cyclops strenuus divergens Lindberg. 
Plusieurs. 

Qoum. 1061 m. 

Autro citornc k l’oau saumatre. 23.9.35. 
Acanthocyclops bicuspidatus odcssanut 
Chinank 5 99 °t plusieurs jeuncs. 

R£y. 1015 m. prfcs Tihfoan. 

Bras-mort d’un canal d'irrigatiori. 

16.11.39. 

Cyclops strenuus divergens Lindberg. 
Plusieurs. 

Robat-Khan. Environ 880 m. it 80 km. au 
sud-ouost de Golchan (Tebbes), 

Etang salin. 4.11.35. 

Eucyclops serrulatus (Fischer). Qual- 
ques. 

Megacyclops viridis Jurine. 4 ou 5 99* 

• 

Saohand. 1240 m. k environ 100 km. au 
nord-est de Ye^d. 

Bassin de la mosquee. 3.11.35. 
Thormocyclops tinctus Lindberg. Nom¬ 
breux, surtout jeunos. 

Sebz^var. 1038 m. 

Bassin du Jardin national. 10.11.35. 
Metacyclops minutus Claus. Assez nom¬ 
breux. 
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K. Lindberg : Cyclopid<\s dc Vltulc. 

B. Plateau, montagnes du Sud, Nord-Est— concld. 


Tang-Gaz. I)efil6 a environ 6 km. au sud 
d’ A mhedabad ( lHngar ). 

Mares de riviire a l’oau saumatre. 5.3.40. 
Eucyclops serrulatus (Fischer). 4 oq, 
6 99 * 2 copepoditcs. 

Metacyclops minutus Claus. Quclques. 
Metacyclops grandispinifer Lindbcrg. 1 $. 
Metacycbps planus Gurney. 1 9* 

Mesocyclops huckarti Claus. 1 9* 

Thermocycbps tinetus Lindberg. 3 99* 

Tang-Pazanoun. Defile entre Dihak et 
Kourdth. 

Mare do riviere d’eau douce. 4.3.40. 
Microcyclops varicans Sars. Quclques. 

Tang-Qil. Environ 24 km. au nord-ouost 
de (Jalfchdar. 

Reservoir ii uiel ouvert. 2.3.40. 

Metacyclops viinutus Claus. 44 88 99> 

30 copepoditcs. 

Thermocydops verm ife.r Lindbcrg. 10 9?> 
1 copepodite. 


Tang-Qil. Environ 24 km. au nord-est do 
GalUhdar . 

Mares de riviere d’eau douce a environ 
2 km. du reservoir. 

Eucyclops serrulatus (Fischer). 4 ddr 
5 99, 2 copepoditcs. 

Tropocydops eonfinis Kiefer. Plusieurs. 
Microcyclops varicans Sara. 2 99. 
Metacyclops minutus Claus. Nombreux 
dd* 2 99 » 2 copepoditcs. 

Thermocydops tinetus Lindbcrg. 38 dor 
13 99, 15 copepodites. 

TchamelkPat. Nord-micst dc Kourdth, h 
environ 13 km. de Dizgah. 

Roud Ambar Nefid, riviere ii l’eau sau¬ 
matre, tributaire du Mand. 4.3.40. 
Eucycbps agiloides Sars. Nombreux. 

TfmfiiiAN. 1132 m. 

Bassin de la gare du chcmin dc fer de 
Chah Abdol A/.im. 16.11.30. 

Cyclops strenuus divergens Lindbcrg. 

1 9. 


C. Provinces Caseiennes. 


AstanAh. Entre Recht et Lahidjan. 

Bassin de la mosquee. .2.11.39. 
Acanthocydops bicuspidatus Claus. Qucl¬ 
ques. 

Babul. 

PuitH ii l’eau saumatre. 20.11.39. 

Acanthocydops bicuspidatus Claus. Peu, 
surtout oo- 

Babul. 

Ruisseau. 20.11.39. 

Mcgacyclops viridis Jurino. 1 9 jouno. 

Beiiohaiir (Agiirkp). 

Bassin. 24.11.39. 

Eucyclops serrulatus (Fischer). 1 9 

jeunc. 

Megacyclops viridis J urine. 2 99 
jeunes. 

Thermocydops vermifer Lindberg. 1 J, 

5 9 ?. 

Bender Chah. 

Mare au bord de la mor. 26.11.39. 
Acanthocydops bicuspidatus Claus. 

Nombreux, surtout jeunes. 

Bender Cuah. 

Marc au bord do la mor. 26.11.39. 
Mcgacyclops viridis Jurine. 1 J, 2 99* 

Acanthocydops bicuspidatus Claus. 

J curies. 

Bender Chah. 

Mare au bord do la mor. 26.11.39. 

Acanthocydops bicuspidatus Claus. 

Jeunes. 

Bender Chah. 

Mare au bord de la racr. 26.11.39. 
Acanthocydops bicuspidatus Claus. Norn- 
breux, surtout jeunos. 


Bender Gaz. 

Riviere. 25.11.39. 

Acanthocydops vernal is Fischer. Qucl¬ 
ques dd et 99. 

Metacyclops planus Gurney. 1 9* 

Bender Gaz. 

Bassin de Pusine de savon, eau a tempera¬ 
ture d’environ 40°C. 25.11.39. 

Mesocyclojis huckarti Claus. Tr6s nom¬ 
breux. 

Bender Gaz. 

Mare pres de la voie ferree. 25.11.39. 

Cyclops caspicus. 1 d> 1 9- 

Acanthocydops vernalis Fischer. 1 d- 

Acanthocydops bicuspidatus Claus. Qucl¬ 
ques. 

Bender Gaz. 

Marecage entre la ville et la mer. 25.11.39. 

Cyclops caspicus Lindberg. 1 J, « 92, 
2 copepoditcs. 

Megacyclops viridis Jurinc. 4 99» qucl¬ 
ques copepodites. 

Acanthocydops bicuspidatus odessanus 
Chmank. Nombreux. 

Metacyclops planus Gurney. 1 9 . 

Bender Gaz. 

Marais pres de la mer. 25.11.39. 

Cyclops caspicus Lindberg. 2 dd> qucl¬ 
ques 99* 

Acanihocyclops bicuspidatus odessanus 
Chmank. Quclques. 

Mesocyclops huckarti Claus. 1 dr qucl¬ 
ques copepoditcs. 

Chahi. (Auabad). 

Petite marc. 19.11.39. 

Metacyclops planus Gurney. 2 9 $. 

Mesocyclops huckarti Claus* 3 9$, 
2 copepodites* 
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Chahi (Aliabad). 

Mare du fleuve Talar. 20.11.39. 
Macrocyclops albidus J urine. 2 V+* 
Eucyclops serrulatus (Fischer). Quel¬ 
ques. 

Paracyclops vagus Lindberg. Id, 3 99* 
Ectocyclops rubesccns Brady. 1 9- 
M egacy clops viridis Jurine. Quelques 
jeunoH. 

Chahi (Aliabad). 

Fosse. 19.11.39. 

Macrocyclops fuscus Jurine. 1 9» quel- 
ques jeunes. 

Eucyclops serrulatus (Fischer). Quel¬ 
ques. 

Chahi (Aliabad). 

Rizierc. 19.11.39. 

Macrocyclops albidus Jurine. 1 9 

ovig^re, une dizatne rle jounce. 
Eucyclops serrulatus (Fischer). 1 jeune. 
Ectocyclops rubescens Brady. 2 dd» 19, 
quelques jeunes. 

Cyclops strenuus divergens Lindborg. 

2 dd> 9 99 jeunes. 

Megacyclops viridis Jurine. 1 9» quel¬ 
ques jeunes. 

Microcyclops varicans Sars. I d, 1 9 . 
Mesocyclops leuckarti Claus. 4 99» 

jeunes. 

Chahi (Aliabad). 

Etang eutrophlque. 19.11.39. 

Macrocyclops fuscus Jurine. 2 99- 
Macrocyclops albidus Jurine. 1 9» 

3 jeunes. 

Eucyclops macruroidcs (Lilljeborg). 2dd» 

. 2 99. , 

Ectocyclops rubescens Brady. 1 d* 
Megacyclops viridis Jurine. 1 9 ot quel¬ 
ques jeunes. 

Metacyclops planus Gurney. 1 9 . 
Mesocyclops leuckarti Claus. 3 cop£- 
podites. 

Thermocyclops vermifer Lindborg. 1 9« 
Chahi (Aliabad). 

Fosse. 19.11.39. 

Eucyclops serrulatus (Fischer). 1 9* 
Megacyclops viridis Jurine. 1 9- 
Acanthocyclops bicuspidatus Claus, 
Quelques. 

Acanthocyclops bisetosus Rehberg. Quel¬ 
ques. 

• iTAHi (Aliabad). 

Mare du fleuve Talar. 20.11.39. 

Macrocyclops albidus Jurine. 1 9,1 cop£- 
podite. 

Megacyclops viridis Jurine. 2 jeunes. 
Acanthocyclops bicuspidatus Claus. 
Quelques. 

Chahi (Aliabad). 

Fosse prks du fleuve Talar. 20.11.39. 
Macrocyclops albidus Jurine. 1 $, 2 
jeunes. 

Eucyclops serrulatus (Fischer). 1 9 . 
Paracyclops vagus Lindberg. 4 99- 
Ectocyclops rubescens Brady. 7 99. 
Megacyclops viridis Jurine. Quelques 
jeunes. 

Microcyclops varicans Sara. 1 ?, 1 jeune. 


Chahi (Aliabad). 

Mare eutrophique pr6s d’un ruisseau. 
20.11.39. 

Macrocyclops fuscus Jurine. 1 d> 1 9- 

Eucyclops serrulatus (Fischer). 4 q£, 
9 99, 2 cop6poditcs. 

Paracyclops vagus Lindberg. 3 99* 

Ectocyclops rubescens Brady. 3 99> 
3 copApoditcs. 

Megacyclops viridis Jurine. 2 99» nom- 
breux jeunes. 

Acanthocyclops bisetosus Rehberg. 2 9?> 
2 jeunes. 

Microcyclops varicans Sars. 5 99* 

Gorgan (AstArabad). 110 m. 

Mare sans vAgAtation. 27.11.39. 

Eucyclops serrulatus (Fisoher). 5 dc£> 
13 99. 9 cop6podites. 

Acanthocyclops bisetosus Rohberg. Quel¬ 
ques jeunes. 

Microcyclops varieans Sars. 1 (J, 8 99> 
30 copApodites. 

Metacyclops planus Gurney. 4 99» 

2 copApoditcs. 

Thermocyclops rylovi Smirnov. 1 9» 
1 jeune. 

Gorgan (AstArabad). 110 m. 

Trou d’eau. 27.11.39. 

Acanthocyclops bicuspidatus Claus. Quel¬ 
ques jeunes. 

Metacyclops minutus Claus. 1 9- 

Goroan (AstArabad). 110 m. 

Bassin. 27.11.39. 

Metacyclops planus Gurney. 1 9» 4 cop6- 
poditcN. 

Gorgan (AstArabad). 110 m. 

Autre bassin. 27.11.39. 

Eucyclops serrulatus (Fischer). 1 d» 1 ?• 

Megacyclops viridis Jurine. 6 jeunes. 

Acanthocyclops bicuspidatus Claus. 

1 jeune. 

Microcyclops vat icatis Sars. 1 9. 

Mesocyclops leuckarti Claus. 5 eope- 
podites. 

Gorgan (AstArabad). 110 in. 

Fosse. 27.11.39. 

Acanthocyclops bisetosus Rehberg. 1 d# 
plus de 40 jeunes. 

Gorgan (AstArabad). 110 m. 

Petite mare. 27.11.39. 

Acanthocyclops bisetosus Rehberg. 1 d» 
quelques jeunes. 

Gorgan (AstArabad). 110 m. 

Mare temporaire sans vegetation au bord 

d’une route. 27.11.39. 

Eucyclops serrulatus (Fischer). Quel* 
ques. 

Gorgan (AstArabad). 110 m. 

Mare d’une four k briques. 27,11.39. 

Acanthocyclops bicuspidatus Claus. 
Plusicurs dd ©t jeunes. 

Thermocyclops sp. 2 copApodites. 

Gorgan (AstArabad). 110 m. 

Mare. 27.11.39. 

Eucyclops serrulatus (Fischer). Quel? 
ques. 
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K. Lindberg : Cyclopitles de l hide. 
C. Provinces Caspiennes— contd. 


KalatohayAh. Sur la cote de la mer Cas- 
pienne, k environ 13 km. a Test de Lan- 
gueroud. 

Petit etang prfes du bord de la mer. 
7.11.39. 

Acanthocyclops bisetosus Kehberg. Peu. 

Kalatchay^h. Sur la cote de la mer Cas- 
pienne, k environ 13 km. a Vest de Lan- 
gueroud. 

Acanthocyclops bicuspidatus Claus. 

Plusieurs. 

Lahidjan. 

Jtiziero. 30.10.39. 

Eucyclops serr ulatus (Fischer). Plusi- 
eurs. 

Mpgacyclops viridis Jurine. Assez nom- 
breux. 

Acanthocyclops bicuspidatus Claus. 

Plusieiirs. 

Acanthocyclops bisclosus Kehberg. 1 
1 ?. 

Microcyclops varicans Sars. 1 $. 
Lahidjan. 

Etang de l’lnstitut agrieole. 31.10.39. 
Mpgacyclops viridis Jurine. 3 8 9?> 

5 copcpoditos. 

Acanthocyclops bicuspidatus Claus. 1 9, 
1 copepodite. 

Microcyclops varicans Sars. 5 jJ, 4 99> 
7 eopepodites. 

Microcyclops linjanticus Kiefer. 1 J, 

19. 

Mesocyclops Icuckarti Claus. 3 99* 
Lahtdjan. 

Petite rivifro. 30.10.39. 

Mcgacyclops viridis Jurine. Qurlqucs. 
Acanthocyclops bicuspidatus Claus. 3 y?» 
quclques jeunes. 

La H1D.1 AN. 

Fosse. 31.10.39. 

Acanthocyclops bicuspidatus Claus. Peu. 
Lahi DJAN. 

Puits. 31.10.39. 

Acanthocyclops vernal is Fischer. Qucl¬ 
ques. 

Acanthocyclojis bicuspidatus Claus. Qucl¬ 
ques jeunes. 

Lahtpjan. 

Fosse. 30.10.39. 

Meyacyc.lops viridis Jurine. 2 <£o, 6 V9» 
Acanthocyclops bicuspidatus Claus. 4 9$. 

Lahidjan. 

Mare. 31.10.39. 

Megacycles viridis Jurine. 1 1 9« 

Acanthocyclogis bisetosus Itch berg. Peu. 

Lahidjan. 

Marais. 31.10.39. 

Eucyclops serrulatus (Fischer). 3 
Cyclops strenuus divergens Lindberg. 

19. 

Acanthocyclops bicuspidatus Claus. 

4 <J& 1 9* 

Mc8ocyclops Icuckarti Claus. 2 1 9» 


Lahidjan. 

Fosse. 31.10.39. 

Megacyclops viridis Jurine. 39 99 (donfc 
14 ovigeres). 

Acanthocyclops vernalis Fischer. 1 $. 
Acanthocyclops bicuspidatus Claus. 1 q, 

2 ?9- 

Microcyclops richardi Lindberg. 2 99* 
Lahidjan. 

Fosse profondc, a vegetation. 31.10.39. 
Megacyclops viridis Jurine. • Quclques ( + ’9 
ct jeunes. 

Acanthocyclops bicuspidatus Claus. 
Plusieurs, surtoul jeunes. 

Lahidjan. 

Fosse. 30.10.39. 

Eucyclops serrulatus (Fischer). 1 9* 
Megacyclops viridis Jurine. Nombreux. 
Cyclops kozminskii Lindberg. 1 y. 
Acanthocyclops bicuspidatus Claus. Qucl¬ 
ques. 

Lanot'kroitd. 

Puits. 2.11.39. 

Acanthocyclops bicuspidatus Claus. 1 9 

Languerovd. 

Marc.—2.11.39. 

Eucyclops serrulatus (Fischer). 1 9* 
Megacyclops viridis Jurine. Quclques. 
Acanthocyclops bicuspidatus Claus. 
Quclques. 

Mesocyclops Icuckarti Claus. 2 99* 
Pahl£vi (Enz£li).— 26 m. 

Riviere. 10.11.39. 

Eucyclops serrulatus (Fischer). 4 99* 
PahiJivi (EnzIsli).— 26 m. 

Mourd ah (Lagune). 10.11,39. 

Eucyclops serrntalus (Fischer). Quelques. 
Megacyclops viridis .Jurine. J 9* 
Acanthocyclops bisclosus Itehberg. 32 
jeunes. 

Paiilkvi (Enzem).— 26 m. 

Mares d’eau dc pluio. 9.11.39. 
Acanthonjclogjs biseiosus Kehberg. Assez 
nombreux. 

Pahl&vi (Enz£li).— 26 m. 

Puits. 9.11.39. 

Acanthocyclops bicuspidatus Claus. Nom? 
breux. 

PahiJsvi (Enz£li).— 26 m. 

Mourd ab (Lagunc). 10.11.39. 

Eucyclops serrulatus (Fischer). Quel- 
ques. 

Cyclops strenuus divergens Lindberg. 
1^. 

Amnihocyclops bisetosus Kehberg. Qucl¬ 
ques. 

PahiJjvi (EnzIsli).— 26 m. 

Mare remplie do bois pourri. 9.11.39. 
Megacyclops viridis Jurine. 1 9 jeune. 
Acanthocyclops bisetosus Kehberg. 
Plusieurs. 

Tahl^vi-Ghazian.— 26 m. 

Mare. 10.11.39. 

Megacyclops viridis Jurine. Plusieurs. 
Acanthocyclops robustus Sars. 1 $. 
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pAHLfcvi-GHAZrAN.—-26 m. 

Puits 10.13.39. 

Mcgacydops viridis Jurine. 4 ?9 j (Mines. 
Acanthocydops vernal is Fischer. 2 l ( V. 
Acanthocydops bicuspidatus Claus. 3 J J, 
5 77, 1 eopepodite. 

Pahl/svi-Giiazian.— 2G ra. 

Et&ng. 10.11.39. 

Megacyclops viridis Jurinc. Plusieurs. 
Microcydops linjaidicus Kiefer. Assez 
nondm ux. 

Thermocyclops dybowskii Lanilc. 2 yy. 

Paiii.^vi-Giiazian.— 20 m. 

Mare. 10.11.39. 

Mcgacy clops viridis ,J mine. 1 7* 
Acanthocydops robustus Hnrs. I 7* 

Acanthocydops Incuspidnlus Claus. 2 77. 
Acavthocyclops hist Itmts Rehberg. Quel* 
ques. 

pAHT.fcvi-GirAZlAN.—26 m. 

Mare d’eau de pluie. 9.11.39. 

Mcgacydops viridis Jurinc. Quelques 
jeunes. 

Acanthocydops robustus Sara. 2 JJ, 1 7* 
Ra msa li.—20 m. 

Marc pres d’un torrent. 29.10.39. 
Macrocyclops albidus Jurinc. I 7* 
Eucydops serrulatus (Fischer). 93 JJ, 
OS 77, 21 eopepodites. 

Paracyclops vagus Lindberg. 3 77* 
Mcgacydops viridis J urine. 1 y, - jeunes. 
Acanthocydops bisciosus Rehberg. 30 
* jeu new. 

Mcsocyclops leuckarti Claus. 1 7- 

Ramsar.— 20 in. 

Mare. 4.11.30. 

Mega cyclops viridis Jurinc. 2 77* 
Acanthocydops rubcMus JSars. 1 7, 4 
jeunes. 

Acanthocydops bisciosus Rehberg. 2 79* 

Ramsar.— 20 m. 

Petit etang. 4.11.39. 

Eucyclops serrulatus (Fischer). 1 J. 
Eclocyclops rubesccns l»rady. 2 y. 
Mcgacydops viridis Jurinc. Quelques. 
Acanthocydops bicuspidatus (3aus. Quel- 
ques. 

Microcydops varicans »Sars. 2 77* 
Mcsocyclops leuckarti Claus. 1 7* 

Rams ah.— 20 m. 

Mareeage. 4.11.39. 

M(gacydops viridis Jurine. Plusieurs. 
Acanthocydops robustus Snrs. Quelques. 
Acanthocydops bisdosus Rehberg. Quel* 
ques. 

Ramsar.— 26 m. 

Marais, 29.10.39. 

Eucydops scrrulntns (Fischer) Plusieurs* 
A . anthocyclops bisdosus Rehberg. Pluai- 
curs. 


Ramsar.— 26 m. 

Mare. 29.10.39. 

Macrocyclops albidus Jurine. 1 7* 
Eucydops serrulatus (Fischer). Pcu. 

Ramsar.— 20 m. 

Trou d’eau. 4.11.39. 

Megacyclops viridis Jurine. Plusieurs. 

A canthocydops bisetos us Rehberg. Nom- 
breux. 

Rkcht.— 15 m. 

AW 3.11.39. 

Macrocyclops albidus Jurinc. Quelques 
jeunes. 

Eucydops serrulatus (Fischer. 4 oO» 

6 77- 

Pararydops vagus Lindberg. 1 J. 
Mcgacydops viridis Jurinc. 1 J, 7 $?* 
nombre u ses copf'pod i t es. 

A canthocydops bicuspidatus Claus. 5 J J, 

5 yy, tres nombreuses eopepodites. 
Acanthocydops bisdosus Rehberg. Quel- 

ques 7V jeunes ct eopepodites. 
Microcydops varicans Kars. 7 Jo > 9 77* 
Microcyclops linjanticus Kiefer. 2^7* 
Mcsocyclops leuckarti Claus. 3 oJ, 

6 77, assez nombreuses eopepodites. 
Thermocyclops dybouskii Landed 5 

1 eopepodite. 

Rkcht.— 15 m. 

Ruisseau. 1.11.39. 

Eucydops serrulatus (Fiseher). 1 7 

jeune, 0 eopepodites. 

Mcgacydops viridis Jurinc. 1 7, 1 cope- 
pod ite. 

Acanthocydops robustus Sars. 1 7* 
Acurtlhocyclojjs bisdosus Rehberg. 2 97* 
Microcydops varicans Sars. 1 7. 
Mcsocyclops leuckarti Claps. 4 JJ, 1 7« 
Thermocyclops rylovi Smirnov. 1 J. 

Reoht.— 15 m. 

Bassin. 8.11.39. 

Acanthocydops bicuspidatus Claus. Assez 
nombroux. 

Reoht.— 15 m. 

Riviere. 3.11.39. 

Mcgacydops viridis Jurino. 1 jeune. 
Acanthocydops bicuspidatus Claus 1 J, 

1 7. 

Recht.— 15 in. 

Fosse. 1.11.39. 

Mcgacydops viridis Jurine. Plusieurs* 
Acanthocydops vernalis Fischer. Plusi- 
ours. 

Acanthocydoj)s bicuspidatus Claus. Quel* 
ques. 

Recht.— 15 m. 

Alaro. 3.11.39. 

Megacyclops viridis Jurine. 2 77, trfes 
nombreux eopepodites. 

A canthocydops bicuspidatus Claus. Nom* 
broux, surtout jeunes. 

Microcydops linjanticus Kiefeji. 1 7* 
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Recht.— 15 m. 


Fosse. 3.11.39. 

Megacyclops viridis Jurine. Plusieurs. 

Acanthocyclop8 vernalis Fischer. Quol- 
ques. 

Acanthocyclops bicuspidatus Claus. Quel- 
qucs. 

Recht.— 15 ra. 

Puits. 8.11.39. 

Acanthocyclops bicuspidatus Claus. Nom- 
breux. 

Recht.— 15 m. 

Fosse. 3.11.39'. 

Mcgacyrlops viridis Jurino. Quelques. 

Acanthocyclops vernalis Fischer. Quol- 
qucs. 

Sari. 

Mare dans les ehamps. 22.11.39. 

Acanthocyclops vernalis Fischer. 1 ?. 

Sari. 

Mare. 23.11.39. 

Eucyclops serrulatus (Fischer). 1 <J, 1 9» 
3 copepodites. 

Acanthocyclops bicuspidatus Claus. Peu. 


Sari. 

Bassin. 23.11.39. 

Eucyclops serrulatus (Fischer. 3 99.) 
Microcydops linjanticus Kiefer. 1 9 . 
Metacyclop8 sp. 1 copepodito. 
Mesocyclops huckarti Claus. 10 
2 copepodites. 

Thermocyclops vermifer Lindberg. 15 
76 99, 29 copepodites* 

Sari. 

Fosse d’excavation prfes de la voie ferreo* 
.22.11.39. 

Eucyclops serrulatus (Fischer). 1 
Paracyclops vagus Lindberg. 1 <£. 

Ectocyclops rubescens Brady. 2 99* 
Microcydops vuricans Sara. 1 9» 7 cop6- 
poditos. 

Mesocyclops leuckarti Claus. 1 9« 

Sari. 

Rizi^re. 22.11.39. 

Eucyclops serrulatus (Fischer). Quel? 
quos. 

Paracyclops vagus Lindberg. 1 9* 
Ecloc.ydops rubescens Brady. 1‘ 9 . 
Microcydops varicans Sars. 1 9* 
Mesocyclops leuckarti Claus. 1 9* 



Cyclops ( Metacydops) planus Gufnev. 























Mesocyclops leuekarti Claus 2 
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Enp. 4. Art. 3. Ep. apic. int. : ep. apic. ext. 4 0*92:1 0-86:1—1:1 26 1 16:1 0-75:1—1-62:1 

Enp. 4. Art. 3. Long. art. : ep. apic. int. 4 1 11:1 1 03 —1-23:1 26 1-18:1 1:1—1 62:1 

P 6. Epine : soie mcd. : soie ext. 4 28 : 33 : 57 (27-30) : (28-37) : (55-60) 33 32 : 34 : 67 (25-50) : (22-53): (50-92) 
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Mesocyclops (T her mocy clops) rylovi Smirnov. 



Nombre 

Moyenne 

Valeurs extremes 

$ Longueur 

17 

1022 p 

903—1140 p 

Furca. Long. : larg. 

17 

3-38 : 1 

3 04 : 1—3*60 : 1 

Soio dorsalo 

14 

73 p 

38—87 |x 

Soie ap. externo 

17 

73 p 

62—92 p 

Soio ap. m6d. ext. 

16 

244 p 

208—287 |x 

Soie ap. interno 

17 

165 p 

145—183 (x 

Soio ap. int. : soie ap. ext. 

17 

2*24 : 1 

1-91 : 1-2-50 : 1 

Soio ap. m6d. ext. : soio ap. 
int. 

16 

1-49 : 1 

1-35 : 1—1 60 : 1 

Segm. genit. Long. : larg. ; 

15 

153-60 : 134-20 
= 114 : 1 

1-02 : 1-1-22 : 1 

Art. 3. Enp. 4. Longueur 

17 

64-8 p 

58—70 p 

Art. 3. Enp. 4. Largeur 

17 

23-7 p 

22—28 (x 

Art. 3. Knp. 4. Long. : larg. 

17 

2 73 : 1 

2-33 : 1—3-09 : 1 

Art. 3. Enp. 4. Ep. ap. int. 

15 

57-2 p 

52—63 p 

Art. 3. Enp. 4. Ep. ap. ext. 

15 

31 1 p 

27—40 p 

Art. 3. Enp. 4. Ep. ap. int. : 
ep. ap. ext. 

15 

1-84 : 1 

1*60 : 1—2*18 : 1 

Art. 3. Enp. 4. : ep. ap. int. 

15 

1 13 : 1 

1 : 1—1*27 : 1 

P 5. Epino 

14 

64-1 p 

50—73 p 

P 5 Soie apicale 

14 

50*8 p 

38—60 p 

P 5 Epino : soio ap. 

14 

1-26 : 1 

1 : 1—1*76 : 1 

^ Longueur 

11 

791 p 

703—931 p 

P ft Epino 

11 

38 p 

33-47 p 

P 6 Soie medians 

10 

23 p 

20—35 p 

P 6 Soie extetne 

10 

58 p 

50—80 p 

Long. segm. abdom. II 

11 

57-7 p 

50—67 p 




Records of the Indian Museum . [ Vol. XLIV, 

Mesocyclops (Thermocyclops) vermifer Lindberg. 


$ Longueur 28 

Eurca. Long. : larg. 28 

Soie dorHale 27 

Soie ap. externo 28 

Soie ap. lined, ext. 28 

Soie ap. interne 28 

Soie ap. int. : soie ap. ext. 28 

Soie ap. mod. ext. : soie ap. 28 

int. I 

Segm. genit. Long. : larg. 17 

Art. 3. Knp. 4. Longueur 27 

Art. 3. Enp. 4. Largeur 20 

Art. 3. Enp. Long. : larg. 26 

Art. 3. Enp. 4. Ep. ap. int. 26 

Art. 3. Enp. 4. Ep. ap. ext. 25 

Art. 3. Enp. 4. Ep. ap. int. : 25 

ep. ap. ext. 

Art. 3. Enp. 4. : ep. ap. int. 26 

P 5. Epine 1!) 

P 5 Soie apic-alo 10 

P 5 Epine : sole ap. 10 

Longueur 13 

V 6 Epine 12 

P 6 Soie me 'iano 11 

P 6 Soie oxterno 13 

Long. segm. abdom. IT. 13 


M. (Th.) vermifer Lindberg. 


Premiere antenne rabattue, attcint 


Nombrc 

> Moyenne 

Valours extremes 

28 

954 (x 

779—1074 jx 

28 

2*91 : 1 

2*48 : 1-3-32 : 1 

27 

88 jx 

67—113 jx 

28 

68 jx 

52—85 jx 

28 

242 jx 

220—272 jx 

28 

187 (X 

163-225 jx 

28 

2-75 : 1 

2-32 : 1—3-63 : 1 

28 

1-28 : 1 

117 : 1—1-47 : 1 

17 

140-35 : 107-24 
— 1-30 : 1 

M2 : 1—1-58 : 1 

27 

65-4 jx 

58—75 jx 

26 

20-3 [x 

16—25 jx 

26 

3 21 : 1 

2-32 : 1—4 : 1 

26 

64-5 [x 

53—70 ix 

25 

28-3 (X 

23—32 jx 

25 

2-28 : 1 

1-89 : 1—2-83 : 1 

26 

J 01 : 1 

11*89 : 1—1-23 : 1 

1!) 

00-8 [i 

55—75 jx 

10 

56-1 [x 

43—78 jx 

10 

119 : 1 

0-96 : 1—1-56 ; I 

13 

711 (x 

665—808 jx 

12 

31-8 jx 

28—37 jx 

11 

211 jx 

13—28 jx 

13 

84-3 jx 

63—108 jx 

13 

‘51-6 jx 

42—62 jx 


24 sp6ei- Pourcent- 
mens ago 


Smirnov. 


18 sp6ci- Pourceut- 
mens age 


milieu du deuxttme segment 
bord post, du deuxi&me segment 


commencement du troisteme segment 


milieu du troisifcme segment 


bord post, du troisifcme segment 
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Mesocyctops (Thermocyclops) rylovi Smirnov. 
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RecKt Ruisseau 789 67 :20=3-35: 1 62; 20=3 10: 1 43 :25=1-72: 1 144: 
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Metocyclops ( Themoeydops) microspinulotus, 














Stations. Habitats. Stations. Habitats. Stations. Habitats. 
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Megacyrlops viridis Jurine. 1935,1939-40 

Atanthocydop§ vtrnalis Fischer .. .. 1939-40 
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i 
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Thermocyclops rylovi Smirnov .. .. 1935,1939-40 

Thermocyclops microspinulosus Lindbcrg .. 1939-40 

Thermocyclops vermifer Lindberg .. .. 1935,1939-40 

Thermocyclops tinctus Lindberg .. .. 1935,1939-40 
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ON TWO HELMINTHS OF MASTACEMBELUS PANCALUS (HAM.) 


By G. D. Bhalerao, D.Sc., Ph.D . (London), F.Z.S ., F.R.M.S.. F.A.Sc., 
Research Officer (Helminthology), Imperial Veterinary Research Insti¬ 
tute, Izatnagar. 

Dr. Baini Prashad, Director, Zoological Survey of India, kindly 
provided tlie author with the opportunity of examining two helminths 
obtained from the freshwater spiny eel, Mastacembelus pancalus (Ham.), 
taken at Fuleshwar, B. N. Ry. 

Azygia angusticauda (Stafford, 1904). 

This is the first record of a member of the trematode genus Azygia 
from India. Three specimens were available for study and they were 
stated to have been found wriggling on the liver of the host. As observed 
by Van Cleave and Mueller (1934), Azygia angusticauda shows consider¬ 
able variations in its organization. A few observations on the anatomy 
of the specimens before the author are recorded below. 

The worms are flat and elongate, with both extremities rounded. 
They measure 3*63- 4-5 mm. in length and 0*865—0*875 mm. in maxi¬ 
mum breadth, which is attained in the region of the midbody. The 
cuticle is devoid of any armature. The oral sucker is subterminal and 
measures 0*38— 0*47 X 0*34—0*45 mm. The ventral sucker measures 
0*36—0*465 mm. in diameter and is situated at about the anterior third 
of the body. There is no pre-pharynx. The pharynx is situated imme¬ 
diately behind the oral sucker and measures about 0*1 mm. in diameter. 
The oesophagus is very short. The intestinal caeca pass posteriorly 
along the sides of the body and terminate slightly in front of the anterior 
end. The excretory bladder is tubular. 

The testes are round or somewhat oblong bodies, lying diagonally 
to one another, at a small distance in front of the posterior end of the 
body. They measure 0*24—0*45x0*172—0*23 mm. In one instance, 
the posterior testis was much atrophied and measured 0*135x0*07 mm. 
The genital pore is situated centrally, midway between the intestinal 
fork and the ventral sucker. The genital sinus is very spacious. The 
cirrus sac measures 0*28—0*33x0*19—0*22 mm. and encloses the vesi- 
cula seminalis, the pars prostatica and the ductus ejaculatorius. The 
prostate gland cells surround the vesicula seminalis and the pars pros¬ 
tatica and fill up the cirrus sac completely. 

The ovary is somewhat kidney-shaped and lies partially lateral to 
the anterior testis. It measures 0*28—0*327x0*13—0*24 mm. and is 
situated slightly to the side of the middle line. The shell gland mea¬ 
sures 0*22—0*27x0*12—0*18 mm. and lies centrally, immediately in 
front of the ovary. There is no receptaculum seminis but Laurer’s 
canal is present. The vitelline glands, consisting of follicles of moderate 
size, lie along the sides of the body external to the intestinal caeca and 
extend from the posterior end to some distance behind the ventral 
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sucker, commencing 1*92—2*3 mm. from the anterior end. A vitelline 
reservoir measuring 0*07—0*18 x 0*03—0*08 mm. lies immediately 
behind or to the side of the shell gland. The uterine coils are disposed 
transversely and lies centrally between the ovary and the posterior border 
of the ventral sucker. The metraterm lies either lateral or dorsal to 
the ventral sucker and opens into the genital sinus. The eggs measure 
0*062—0*078 x 0*04—0*048 mm. 

Gnathostoma sp. 

One encysted larva of Gnathostoma sp. was found in the liver of 
the fish. It is probable that the larva belongs to the species G. spini - 
gerwn, for this species occurs commonly in cats and dogs in India. Ac¬ 
cording to Chandler (1925), this is the deadliest of the parasites of cats 
in Calcutta. The first intermediate host of this roundworm is known 
to be a species of Cyclops , and advanced larvae have been found encysted 
in various reptiles and birds. This is the first record of a fish acting as 
a second intermediate host of this parasite. 
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A LIST OF FISHES QF THE MYSORE STATE AND OF THE 
NEIGHBOURING HILL RANGES OF THE NILGIRIS, WYNAAD 
AND COORG. 

By Sunder Lal Hora, D.Sc., F.R.S.E ., F.N.I ., Assistant Superin¬ 
tendent, Zoological Survey of India , Calcutta. 

In u recent article entitled “ The Fishes of Mysore State ”, Bhima- 
cluir and Kubba Rau 1 have given an account of the fishes of the Kudur 
District and have briefly referred to the earlier works on the ichthyology 
of this part of the Deccan plateau, A general account of the physical 
features of the State is given and remarks arc offered on the zoogeo- 
graphical significance of the occurrence in Mysore of certain Malayan 
species. The authors propose to make a detailed systematic study of 
the fishes found in different parts of the State and the results arc to he 
published from time to time as and when the reports are ready. 

The authors have published valuable observations on Silurus cochin- 
cltincnsis Cuvier & Valenciennes ; if is a very variable, loach-like Silurid 
which lives at tin* bottom of shallow, rocky streams and is widely dis¬ 
tributed from (Whin-China, Southern China, Siam, Malay Peninsula, 
Burma, Assam Ilills, Eastern Himalayas, Mysore and the VVvnaad Hills. 
In recording this species from Mysore for the first time, the authors 
have adduced evidence to show that S. wynaadensis Day, a species 
which was distinguished by the presence of 4 barbies, is the same as 
S. eochmchincnsis, normally with two barbies in the adult state. 

With a view to help in the survey of'the fish-fauna of the State, 

1 give below a systematic list of the species so far known from Mysore 
and the adjoining hill-ranges of the Nilgiris, Wynaad and Coorg, along 
with their respective areas of distribution. 

Lust 2 of the Fishes of 'Mysore and of the adjoining hill 

RANGES. 

The general classification of fishes adopted in the list is that pro¬ 
posed by Dr. C. Tate Regan, F.R.S., in his article on 1 Fishes ’ in the 

1 Bhimachar, H. S. anti ttnbba Ran, A. Jonrn. Mysore Unin . (R) I, pp. 141-lo3, 

1 map, 1 text-fig. and 2 pis. (1941). 

2 In drawing up this list, recent records of fishes from Mysore have been consulted 
as well as Day’s P'ishcs of India and his two volumes on 4 Fishes ' in the Fauna of British 
India series. The enumeration of species is, however, not based on actual examination 
of specimens. 

Tn connection with the geographical distribution of the various species, the following 
works were consulted:—I. Suvatti, 0., Index to Fishes of Siam, (Bangkok, 1936); 2. 
Fowder, H. W., ‘ A List of Fishes known from Malaya.’ Fisheries Bull. Singapore, 
No. 1 (1938); 3. Weber, M. and Beaufort L. F. de, The Fishes of the Indo-Australian 
Archipelago (Leiden, 1913-1936); 4. Chu, Y. T., ‘ Index Piscium Sinensium.’ Biol. Bull. 
St. John's Univ. No. 1 (1931); 5. Chabanaud, P., ‘ Inventaire de la faunc ichtvologique 
de I’Tndoehine. Premiere Liste.’ Service Oceanographique des peches de Vlndochiv*>, 
Note 1 (1926); and 6. Chevey, P., ‘ Inventaire dr la faune ichtvologique de ITndochine . 
Deuxiewe Liste.’ Inst . Oceanographique de VJndochine , Note 19. (1932). 
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Fourteenth Edition of the Encyclopaedia Britannica (1929). The 
genera under their respective families and the species under each genus 
are alphabetically arranged. 

Names of Species, 


Order : 1SOSPONDYLI. 

Family : Notottkiudae. 

1. Notoptervs nt)tnpteru8 (Pallas).. 
Family : Clui’Kidae. 

2. lliha ilittha (Ham.) 

Order : OSTAHTOPHYST. 

Suborder: CYPRINOIDEA, 

Family : Cyprinidae. 

Subfamily : Abram AbWAE. 

3. Chela argentea Day 

4. Chela haicala Ham. 

5. Chela clvpcoide.8 (Bloch) .. 

6. Chela phvlo Ham. 

7. Lavbvca atpar (Ham.) 

Subfamily: RaslohinaE . 

8. Barilius barila Ilam. .. 

9. Barilivs harnn Ham. ,. 

10. Barilius bendelisis Ham. 

11. Bariliufi mnarcnsis (Jerd.) 

*12. Barilivs gafensis (C. V.) 

13 . Barilius vagra }hun* .. 

14. Brachydanio terio (Ham.) 

15. Danio aequipinnatus (McClcll.) 1 

16. Esomus barbalu/t (Jerd.) 

17. Rasbora caverii (Jerd.).. 

18. Rasboru duniconius (Ham.) .. 

19. Rasbora rasbora (Ham.) 

Subfamily: Cl'PRlNJNAE. 

20. Amblypharyngodon melettina 

(C. V.) . 

21. Amblypharyngodon microlepid 

(C.V.) ..- .. 

22. Amblypharyngodon mol a (Ham.) 

23. Barbus ( Puntius) amphtbius 

(C. V.) . 


Geographical Rfingc. 


India, Burma and further east. 

Persian Gulf and coasts of India and 
Burma ; it ascends principal rivers. 


Nilgiris, Coorg and MysoYe. AIbo found 
at Calcutta. 

Throughout India (except Malabar), and 
Burma. 

Hutch, Peninsular India and Satpura 
Trend. 

Assam, Bengal, Orissa, Central Provinces 
and the Deccan as tar as the Kistna. 

India and Burma. 

Northern India an far as the Kistna and 
Burma. 

Northern India as far as the Kistna and 
Burma. 

Throughout India. Day’s records from 
Ceylon requires confirmation. 

Western Ghats of Malabar, Canara and 
Mysore. 

Western Ghats of Malabar, Nilgiris, Coorg, 
Mysore and Travaneore. 

Northern India as far as the Kistna* 
Day’s record from Ceylon requires 
confirmation. 

India and Burma. 

Ceylon, India, Burma and Siam. 

Peninsular India, 

Coorg and Mysore State. 

Ceylon, India, Burma and further east. 

India, Burma and further east. 


Ceylon and Peninsular India. 

Peninsular' India, through Orissa to Cal¬ 
cutta. 

India, except Malabar, and Burma. 

Ceylon and Peninsular India. 


* Hora and Nair have recently shown ( Rec . Ind. Mus, XLIII, p. 371, 1941) that 
Danio striaiffifer Myers and D, malabaricu# (Jerdon) are synonymous with D . atqui- 
pinnalus (McClelland). 



1942.] 


S. L, HojtA : Fishes of the Mysore Shite, 


l'.)5 

Name* of «N Iperim. (hugrnphifil Itonge. 

24. Barbus (Puntius) raruatirtts 

(Jcrd.) .. .. .. Nilgiris, Wvnaad, Mysore and S. Canara, 

25. Barbus (Puntius) rhola Ham. India, Burma and further east. 

26. Barbus (Putitius) dorsalis 

(Jerd.) 1 2 .. . Peninsular India and (Vvlon. 

27. Barbus (Puntius) dubius Hay.. Nilgiris and Mysore. 

28. Barbus (Puntius) Jilawentosus 

(C. X\f .. .. .. (-avion and Peninsular India. 

29. Barbus (Puntius) jerdovi Day 3 Deccan and Canara below the Chats; 

its record from Malaya needs conlirma- 
tion. 

30. Barbus (Puntius) bolus Sykes, . Deccan and Central Provinces. 

31. Barbus (Puntius) tHhupubw 

Day .. .. .. Coon*, Mysore, S. Canara and Travarj* 

core. 

32. Barbus (Puntim) mrbinatnpy.r 

(Day) .. .. — Peninsular India. 

33. Barbus (Puntius) tnu'tojfagrm 

(\ V. .. .. .. Nihjiris, Wvnaad, Mysore. S. Oanara and 

Travnncore. 

31. Barbus (Puntius) ntiruyani 

Horn .. .. .. Coot# and Mysore. 

35. Barbus (Puntius) neilli Day .. Mysore and Deccan. Its record from 

Malaya needs confirmation. 

36. Barbus ( Ptndius) /mrrnh (Day) Peninsular India. 

37. Buriats (Puntius) jjtrurotafuia 

Blkr. * .. .. .. Ceylon and Mysore. 

38. Barbus (Puntius) pule hell us 

Day .. .. .. Mysore. 

39. Barbus (Puntius) sarana 

(Ham.) 6 .. .. .. Oylon, India and Burma. It Las also 

been recorded from China. 

40. Barbus (Puntius) mphorr 

llam. € .. .. .. India, Burma and Yunnan. 

41. Barbus (Puntius) tieto Ham. 7 Ceylon, India, Burma and Siam, 

42. Barbus (Puntius) rittatus 

(Day) .. ,. .. Cutch, Peninsular India and Ceylon. 

43. Barbus (Tar) kbvdrep. Sykes 4 * . . Ceylon, Peninsular India, Deccan and 

Satpura Trend. 

44. Call a ratio (Ham.) .. Northern India as far as the Kistna and 

Burma. Introduced into the Cauvery. 

45. (Hrrhina rirrhowt (Bloch) .. Southern India generallyt 

46. Cirrhina fulungee (Sykes) .. Deccan and Mysore. 

1 Puntius pur,belli Day is a synonym of Puntius dorsalis (Jordon); vide Hora, S. L 
Rec. Ind. Mus. XXXVIIL p. 2 (1930). 

2 Barbus (Puntius) maheeola (C. V.) is the female of B. (Puntius) filamentosus (C. V ) • 
vide Hora, S. L., Bee. Ind. Mus. XXXIX, pp. 22-24 (1937). 

3 Barbus Dobsoni Day (Fish. India , p. 568, 1878) is a synonvm of B.jerdoni Day. 

4 For a description of Barbus khudree Sykes see Hora and MDra in Jo urn. Bombay 
Nat. Hist. Sor. XL, pp. 24-28 (1938). Taxonomy of this species will be discussed iii 
my series of articles on tho “ Game FisheB of India”. 

* Barbus ehrysopoma C.V. and B. pinnanratus (Day) are synonyms of Barbus sarana 
(Ham.). 

• Barbus (Puntius) stigma (Cuv. & Val.) of authors is synonymous with B. (Puntius) 

sophore Ham. ; vide Chaudhuri, Mem. Ind. Mus. V, p. 436 (1916). y 

7 Barbus pundatus Day from Peninsular India and B. stoliezkanus Day from Burma 
characterised by the presence of a complete lateral line are synonymous with B . ticio • 
vide Hora, Misra and Malik, Bee . Ind. Mus. XLI, p. 263 (1939). 




Records of the Indian Mwteutn. 


[ Voi. XLIV, 


lf>(! 


No nicy of Species. 

47. ('irrhinu rvba (Ham.) .. 

48. Garrn bicorn nt a Mao 

49. Garni jirdoni l)av 

50. Garrn mnllyn (S\ kes) .. 

51. Oarru stenorhynrhu* (* h*id.) 

52. Laheo ariza (Ham.) 

53. Laheo botja (Ham.) 

54. Labco boggut (Sykes) 

55. Labco calbasu (Ham.) .. 

56. Laheo dussvmieri (0. V.) 

57. Labio Jimbriatus (Bloch) 

58. Laheo Inner us (Sykes) .. 

59. Labco koufitts (derd.) .. 

60. Laheo polaH (Sykes) 

61. Alystacoleucus oyilbii (Sykes) 

62. Oreichthys cosuatus (Ham.) 

63. Ostew.hilus ( Kautaka) brevidor- 

mfis (Hay) 

64. Osh’ochihiH (O,stench Hichlhys) 

nashii (Day) 

65. Osteochilu* (Osteochiliefithy.s ) 

thomassi (I >ay) 

66. H oft tee ratio vai\ cunma Day . - 

67. Kohler net ft i Day 

68. Sc ft is mat oi hi/ r< hut (A' ukta) 

nn ft a (S\ kes) 

family : Humalocteridae. 

69. .Bhucania australis (Jerd.) 1 

70. Balitura brucei var. mysorensis 

Hora 

Family : Cobitjdae. 

71. Botin striata Kao 

72. Lepidocephalus thermalis (C. V.) 

73. Ntmuchilichthys shimogensis 

Kao 

74. Nemachilus anguilla (Annan.) 

75. Nemachilus bhimaihari Hora 

76. Nemachilus botia (Ham.) 

77. Nemachilus dayi Hora 

78. Nemachilus denisonii Day 

79. Ncmuch ius evezardi Day 

80. Nemachilus inonili* Hora 

81. Nemachilus simiarwatus Day.. 

82. Nemachilus simiutus J)ay 

83. Nemachilus striatus Day 


Geographical Range. 

Throughout Tndia. Its record from Indo¬ 
china requires confirmation. 

Mysore. 

Nilgiris, Wynaad and Mysore. 

Kathiawar, Peninsular India and Satpura 
Trend. 

Nilgiris, Coorg and Mysore. 

Nilgiris, Wynaad and Mysore. 

India and Burma. 

Central and south-west India. Its record 
from Malaya requires confirmation. 

India and Bui ma. It has hxen recorded 
from China also. 

Ceylon, South Malabar and Mysore. 

Sind, Punjab, the Deccan and Southern 
India to Orissa. Not recorded irom 
Malabar. 

Poona and the Deccan. 

Nilgiris and Mysore. 

Mysore, Deccan and Ceylon. 

Mysore and Deccan. 

India, Surma ami Siam. 

Nilgiris and Mysore. 

Coorg, Wynaad, S. Canara and Mysore. 

South Canara and Mysore. 

Sind, Deccan. Orissa, Assam and Burma. 
Deccan, Mysore and Travancore. 

Mysore and Deccan. 

Malabar, Wynaad, Nilgiris, Mysore and 
Travancore. 

Mysore. 

Mysore. 

Ceylon and Peninsular India. 

Mysore. 

Yenna River at Mchda, Satara Dist., and 
Thunga River at Shimoga, M-ysore. 
Mysore. 

Ceylon, India and Burma. 

Deccan and the Satpura Trend. 

Deccan, Nilgiris, Coorg and Mysore. 
Deccan, Satpura Trend and Peninsular 
Tnrlia. 

Nilgiris and Mysore. 

Nilgiris and Mysore. 

Wynaad and Mysore. 

Wynaad, Nilgiris and Mysore. 


1 Bhavania itnnandalci Hora is synonymous with B. australis (Jerdon) ; vide Hora, 
Rex. Ind . Mus. XLIII, p. 225 (1941). 
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Names of Species. 

Suborder: S1LVROIDEA. 

Family : Clakiidak. 

84. ('Iarias botravhvs (Linn.) 
Family : Hetkropneistidae. 

85. 11eteropneustes fo&silis (Bloeh) 
Family: Siliumdae. 

80. ('aUichrtMR bitnneulotus (Bloeh) 

87. Ni turn ft cochinchinmsis C. V'. .. 

88. Wallagonia attu (Bloeh) 

Family : SruiLJiKiOAE. 

81). Pronitropiichlhys tookrve 

(Sykes) 1 . 

90. Pscudeulropius a the ri no ides 

(Bloeh) . 

91. Silnnopongnsius rhildrt mi 

(Sykes) . 

Family : Baoiudak. 

92. Mysius aor (Ham.) 

93. Mysius euros'us (Ham.) 

94. Myslus keli Hum (V. V.) 

95. Mt/shis mobtbarirus (derd.) 

90. Mystus montonus (Jrrd.) 

97. Mysius orululus ((!. V.) 

98. Mysius puurlafus (Jerd.) 

99. Mystus rittnfus (Bloeh) 

100. Pi la ha statu Val. 

Family : Kisoridae. 

HU. tintfori us bogorius (Ham.) 

102. Gogoto itch hen (Sykes) 

103. Glyplot horn x fourth (Sykes) 

104. (ilypiothorox modrospolonus 

n >«■}•) . 

Order: AI'ODKS. 

Family: Angiilljdak. 

105. Anguilla bengalcrisis Gray 

Order: SYKKNTOGNATHI. 

'Suborder : SCOMBPESOCO11)EA . 
Family : Xenentodontidae. 

100. Xenantodon eancila (Ham.) .. 

Order: MLCROCYPlUNl. 

Family : Cvi’Ujnodontidae. 

107. Aplocheilus bloekii (Arnold) .. 

108. Aplocheilus lineatus (C. V.) .. 

109. O/yzios mclanostiqma (Me- 

Clell.) . 


Geograph ica l Pange . 


India, Burma and further east. 

Ceylon, India, Burma and further east. 

Ceylon, India, Butina and further east. 
Wvnaad, Mysore, Fastorn Himalayas, 
Assail Hills, Burma and further oast. 
Ceylon, India, Burma and further east. 


Peninsular India, exrejit Malabar. 

India and Burma. 

Deeeati Western Ghats near Poona to 
Mysore. 

India, Burma and China. 

India, Burma and further east. 

Ceylon and Peninsular India. 

Wynaad, Mysore, Malabar and Trnvaneore. 
Wvnaad, Coorg, Mysore and Tinv miforc. 
Xilyiiis, Mysore, Malabar and Travaneore* 
Nilgiiis and Mysore. 

Ceylon, India, Burma and Siam. 

Deeean and Mysore. 

India, Burma and further east. 

Northern parts of Western (Hints and 
Coorg. 

Deccan ami the Natpura Trend. 

Nilgiris, Mysore and Travaneore. 


Ceylon, India, Burma and further east. 


Ceylon, India, Burma and further east. 


Ceylon and Peninsular India. 

Ceylon and Peninsular India. 

Peninsular India, Orissa, Lower Bengal 
and Burma. 


1 Sehilbe. sykesii Jordon, Eutropius microphthalmos Blyth, Pseudeulropius megalops 
Gunther and P. longimanvs Gunther are synonymous with Proeutropiichthys tuakrtt 
Sykes; vide Hora, Pec. Ind. Mus. XL1IJ, p. 100 (1941). 
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Names of Species. 

Order: PERCOMORPHI. 

811 border : PERCOIDEA. 

Family: Ambashuiak. 

110. Amba8sis nama (Ham.) 

111. Ambassis ranga (Ham.) 

Family : Cichlidak. 

112* Etroplus suratensis (Bloch) 
Suborder: GORIOIDEA. 

Family : Gouiidae. 

113. Glossngobius giuris (Ham.) 

Suborder : ANA RA N TO IDE A. 

Family : Polycanthidae. 

114. Macropodus c.ujmnus C. V. 

Suborder : 0PH1CEPHA WIDE A . 
Family : Ol’HicKi’ii alidae. 

115. Ophicephalus gachua Ham. 

110. Ophicephalus leucopunctatus 

Sykes 


Geographical Range , 

India and Burma. 

India, Burma and further east. 

Ceylon and Peninsular India. 

Ceylon, India, Burma and further east. 

South India, Malay Peninsula and .Sumatra, 

Ceylon, India, Burma and further east. 
Peninsular India and Deeean. 


117. Ophicephalus ynarulius Ham. 

118. Ophicephalus jmnctatns Bloch 

119. Ophicephalus striatus B loch .. 


Ceylon, India, Burma and further east. 
India, Burma and Malaya. 

Ceylon, India, Burma and further east. 


Order: OPISTHOMI. 

Family : Mastacemuei idae. 

120. Mastacembclus annatus (I.aeep.) Ceylon, India, Burma and further east. 

121. Maslgcembelus pancalus (Ham.) Northern India generally: its records 

\ from south of Kistna are few. 

\ 

Tt will he seen from the above that in the fish fauna of Mysore and 
the neighbouring tracts there is a great preponderance of the Ostario- 
pliysi. Of the 121 species listed above, as many as 102 belong to this 
order (81 to the Suborder Cyprinoidea and 21 to the Siluroidea). Out 
of the 81 Cyprinoid fishes, there are 15 species of loaches, 2 belonging to 
the family Homalopteridae and 13 to the Cobitidae, and 66 true Carp 
or Cyprinidae. Of the remaining 19 species, 1 belongs to the Apodcs 
(Anguillidae), 1 to the Synentognathi (Xenentodontidae), 3 to the 
Microcyprini (Cyprinodontidae), 10 to the Percomorphi (Ambassidae 2 y 
Ciehlidae 1, Gobiidae 1, Polycanthidae 1 and Ophicephalidae 5) and 2 
to the Opisthomi. The Percomorphi are rather poorly represented in 
the above list and it is surprising that even some of the widely distri¬ 
buted species do not appear to have been recorded from this region. 
It seems certain that when a detailed fish survey of the State is com¬ 
pleted many more species will be added to its fauna. 


ZOOGEOURAPHICAL REMARKS ON THE FlSH-FAUNA OF MYSORE. 

As regards physical features, the Mysore State has been broadly 
divided into two areas, the Maidan and the Malnad. The former com¬ 
prises the eastern part of the State ; it is a plain, cultivated country 
with a gentle slope towards the east. According to Blanford 1 , the 


1 BlauforU, W. T. Phil. Trans. Roy. Soc. London (B), CXCJV, p. 34C (1901). 
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Maidan area of Mysore is included in the Carnatic or Madras zoogeo- 
graphical tract which is defined as follows :— 

“ The Peninsula south of the Kistna or of 16°&. lat., 1 and east of the Western Ghats, 
comprising the Carnatic and Mysore. The plains of the Carnatic are much like those 
rtf the Deccan and are for the most part cleared, but there are scattered hill groups, 
generally covered with forest and with a much higher rainfall than the plains. The 
average temperature is slightly higher than that of the Deccan, but more equable, the 
average annual range of the thermometer being considerably smaller. The average 
rainfall is about 35 inches.*’ 


Blanford recorded the occurrence 
water fishes from the Carnatic Tract: 

Syw bronchus. 

Anguilla. 

(Jlarias. 

Saccobranchus (— Heteropneustes). 
\Vallago (—Wallay on ia ). 
Callichrons. 

A ilia. 

Pseudeut ropius . 

Pangasius . 

Silundia (— Silonia ). 

Macmnes (—Mystus). 

Rita. 

Bagarius. 

Glyptostcrnum (= Glyplothorax). 
Chela. 

Notopterus. 

Ambassis. 

Gobius. 


of the following genera of fresh- 

Lepidoccphalichthys (— Lcpidoce- 
phalus). 

Jerdonia. 

Nemachilus. 

Discognathus (= Garra ). 

Labeo. 

Cirrhina. 

A m blypharyngodon. 

Barbus. 

Nuria (=Esomus). 

Rasbora. 

Rohtee . 

Barilius. 

Danio. 

Perilampus (=Laubum). 1 
Mastacetnbelus. 

Ophicephalus. 

Anabas. 

Polyacanthus . 

Elroplus. 


Of the genera enumerated above, Jerdonia is endemic in this tract, 
Polyacanthus and Etroplus are found in Peninsular India and Ceylon, 
while the remaining 34 genera are common to the lndo-Gangetic plain, 
Indian Peninsula and Burma. 

The Malnad is the western part of the State ; it is composed of hilly 
tracts with peaks ranging from 4,000 to 6,000 feet above sea level. 
Blanford included this area in his Malabar Tract—“ Western Ghats 
and the western coastlands of the Peninsula from the Tapti River to 
Cape Comorin.” The Nilgiris, the Wynaad and Coorg are definitely 
included in the Malabar tract. According to Blanford’s lists, the fol¬ 
lowing additional genera are found in the Malabar tract of the Mysore 
State : 


Silurus Scaphiodon (in pRTt= Osteochilus) 

Howaloptvra (in part =Bhavania) Sicydium (in p&xt~Sicyopterus). 


1 In a foot-note, Blanford observed that “ This boundary should perhaps be placed 
further south. Originally these tracts were arranged to mark the distribution of the 
Cyclophoridae. After going through all the evidence, I am inclined to think that a 
more important line might be drawn about 12°K. lat/*. 




200 


Records of the Indian Museum. 


[ Von. XLIV> 


These genera have a restricted and discontinuous distribution in 
India. According to Blanford’s tables, Silurus is found in the Malabar 
tract, the Eastern Himalayan tract, the Assam tract, and the Tenasserim 
tract. Formerly two or three species of Silurus were recognised from 
within the limits of India, but, as indicated above, Bhimachar and 
Subba Rau have shown that it is the same species that is found from 
Cochin-China to the Eastern Himalayas and also in the Western Ghats. 
Similarly, the Homalopteridae, of which Bhavania is a highly specialised 
member, are found throughout south-eastern Asia up to the Eastern 
Himalayas and the hills of Assam, and also in the Western Ghats. 
These two genera, recorded by Bhimachar and Subba Rau from the 
Kadur District, represent the so-called Malayan element in the fauna 
of Mysore. I 1 have recently shown that Day’s three species of Scaphio- 
don from Peninsular India are referable to Osteochilus, a genus widely 
distributed in south-eastern Asia. In the same place it has been shown 
that Cyprinus nukta Sykes belongs to the Malayan genus Schismalor- 
hynehus which was hitherto known only from Sumatra and Borneo. 
Sicydium is recorded from the Malabar and the Northern Ceylon tracts 
and from the Malay Peninsula. It is a Gobioid genus, which seems to 
have invaded fresh waters from the sea and for this reason its distribu¬ 
tion is not of much significance. Law and the present writer 2 have 
recently discussed the significance of the Malayan element in the fauna 
of Peninsular India and the route of dispersal of the above-noted forms 
from their original home in south-eastern Asia to the Western Ghats. 


1 Hora, S. L. lice. Ind. Mxis. XLIIT, pp. 1-14 (1041). 
a Hora, S. L. and Law, N. C. Rec. hid . Mas . XLUl, pp. 233-250 (1041). 


HELMINTH PARASITES OF CERTAIN RATS IN INDIA. 


BijT. A. Maplestone, D.S.O., D.Sc., M.B., B.S., D.T.M. 

and 

N. V. Bhadurj. M B.. M.Sr.(Cal.). 

(F rom the Helminthological Research Laboratory, School of Tropical Medicine, Calcutta.) 

The rat, more than any other wild animal, has adapted itself to man’s 
habitations and is found in them all, from the most modern mansion in 
highly civilised countries to the most lowly hut of primitive races, so 
that all over the world this rodent is found living in much closer associa¬ 
tion with man than many of his so-called domestic animals. It has 
long been recognised that on account of its ubiquity, the rat is impor¬ 
tant" as a transmitter or reservoir of certain diseases of human 
beings. Its greatest importance is probably with regard to bubonic 
plague, but as a host of numerous helminths it deserves attention also, 
and many censuses of its worm parasites has been taken in various parts 
of the world. 

As far as we are aware, no systematic examination of rats has been 
made in India from the helminthological standpoint. We give below 
the results of our examination of 100 rats brought for routine plague 
examination to the Public Health Department of Bengal, to whom we 
are indebted for the material. This material has been recently amplified 
by the receipt of a large collection of worms from the Central Research 
Institute, Kasauli, which contained collections from 28 rats, nearly all 
collected in the Ambala District, Punjab. 

The species of rat we examined in Calcutta was Mm deemnanm 
Pallas, but the identification of the rats providing the Kasauli collection 
is not known nor the number of rats that were dissected to provide the 
28 collections of worms. Therefore, the latter are shown below separately. 

The following parasites were obtained from 100 specimens of Mm 
df'cumanus Pallas, from Calcutta, the number besides each species re¬ 
presenting the number of host-specimens infected with it; 28 were 
uninfected. Multiple infections were common, but they have not been 
analysed and shown separately. 


XEMATODA. 

Heterakis spumosa .. .. .. .. .. .. .. 41 

aS h/phacia. baylisi, sp. nov. .. .. .. .. .. .. 17 

Mastophorus rtiuris .. .. .. .. .. .. .. 3 

a Subulura undersoni .. .. .. .. .. .. .. 1 

Capillaria prashadi, sp. nov. .. .. .. .. .. 1 

Oxyuridae .. .. .. .. .. .. .. .. 1 

CESTODA. 

Hymenolepis diminuta .. .. .. .. .. .. 14 

Uymenolepis nana .. .. .. .. .. .. .. 7 

Raillieiina celebensis .. .. .. .. .. .. 6 

Oochoristica symmetrica .. .. .. .. .. .. 2 

Cysticercus fasciolaris .. .. .. .. .. .. 11 

[ 201 ] o 
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ACANTHOCEPHALA. 

Moniliformis moniliformis .. .. .. .. .. .. 20 

No parasites .. .. .. .. .. .. .. .. 28 


The Kasauli collection contained the following parasites : 


NEMATODA. 

Mastophorus muris .. .. .. .. .. .. .. ] 1 

CESTODA. 

Hymenofepis diminuta .. .. .. .. .. .. 0 

Oochoristica symmetrica .. .. .. . . . . . . 1 

(Jysticercus fasciolaris .. .. .. .. .. .. 7 


NEMATODA. 

Syphacia baylisi, sp. nov. 

Baylis (1936) recorded some female worms belonging to this genus 
which had been obtained from Raltus rattus at Lyallpur, Punjab. He 
expressed the opinion that these worms probably represented a new 
species, principally because the eggs measure 0*07x0*03 nun. compared 
with eggs of the size of 0*12-0*13 X 0*036-0*04 mm. found in a species 
of Syphacia obtained from a Mus musculus Linn, in Ceylon. This 
worm was identified as S . ohvclata or S. stroma , but there is some doubt 
at present whether these two species are identical or different. 

The worms in our collection obtained from 17 rats were all females ; 
10 of these, which were measured, agreed with the measurements of 
Baylis’ Lyallpur material.* The sizes of eggs in our specimens were 
0*078-0*02 x 0*029-0*034 mm. We consider that these results confirm 
Ba vlis’ opinion that this is a distinct species with shorter eggs than those 
of 8 . ubvPlata. Even in the absence of males, we name this new species 
as S. baylisi . 

Subulura andersoni (Cobbold, 1876) Railliet & Henry, 1914. 

This species was fully redescribed by Thwaite (1927) and there seems 
little doubt that our worms are the same species because nearly all 
the measurements fall within the limits given by him. The maximum 
length of both sexes is 0*5 to 1 mm. more than Thwaite’s, a quite insign- 
ficant difference. The only other difference is in the position of the 
vulva which is 6-8 mm. from the anterior end in Thwaite’s description, 
and is 9*2-9*8 mm. in our material. This is not, in our opinion, sufficient 
to justify making a new species, and its significance is lessened by the 
fact that our worms were longer than Thwaite’s. 

Mirza (1936) described a new species, S . hindi, basing his differentia¬ 
tion on Cobbold’s original description of S. andersoni. He was evidently 
unaware that Thwaite (1927) had redescribed S. andersoni in detail. If 
Mirza’s and Thwaite’s drawings and descriptions are compared the fol¬ 
lowing points emerge. 

Mirza bases the differentiation of his species from S . andersoni on the 
following three points : “ Number and disposition of caudal papillae 

in the male, the length of the spicules, and the position of the vulva in 
the female ”• Regarding the caudal papillae, the disposition depicted 
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in the drawings of both authors is the same, but Mirza shows a third 
pair of papillae in the most posterior group. These papillae are very 
small and in our material it was in some cases hard to determine whether 
the third pair was present or not. Therefore, this point is not considered 
to be of specific value. Variation in this group of papillae is well known 
and accepted fact in several allied genera. Mirza says that the spicules 
are equal and are 9*1 mm. in length. Thwaite says they are equal or 
subequal and measure 0*85-1 mm. in length, and we found them to be 
0*9-1*06 mm., so that this character is of no value. The vulva is given 
as 5*69 mm. from the anterior end by Mirza, 6*5-8 mm. by Thwaite and 
we found it to be 9*2-9*8 mm. in slightly larger worms, and as this is the 
sole difference that remains we do not consider it to be of any specific 
value. In view of these facts we consider that S. hindi Mirza, 1936, 
is a synonym of S. andersoni Cobbold, 1876. 


( Mastophorus muris (Diesing, 1853) Chitwood, 1938. 

Chitwood (1938) divided the worms contained in the genus Protospi - 
rura Seurat, 1914, into two groups leaving some of them in Protospirura , 
and placing the others in Mastophorus Diesing 1853 ; and muris becomes 
the type of Mastophorus for the following reasons. Seurat, when he 
created the genus Protospirura , named. P, numidica Seurat, 1914 as the 
type ; he next transferred Lumbricus muris Gmelin, 1790 to this genus 
and, a little later, said that it was identical with Mastophorus echiurus 
Diesing, 1853. - Stiles and Hassall had made M. echiurus the type of 
Mastophorus by “ subsequent designation ” in 1905. Therefore, ac¬ 
cording to the rules, the genus Protospirura becomes invalid. But since 
the worms in this group, headed by the original type of the genus, 
namely P . numidica , are clearly defined, Chitwood recommends retaining 
this generic name. 

The correct name and synonymy of the species under discussion is 
therefore ;— 

Mastophorus muris (Diesing, 1853) Chitwood, 1938. 

Syn. Lumbricus muris Gmelin, 1790. 

Protospirura muris Seurat, 1915. 

Mastophorus echiurus Diesing, 1853. 

Syn. Protospirura muris Seurat, 1916. 

A further point is that Chitwood distinguished two varieties of 
M . muris , viz., M . muris muris with large teeth and M. muris ascaroides 1 
with small teeth. All our specimens belong to the large-toothed variety. 
He also expressed the opinion that four of the other species that he put 
in this genus, viz., Columbiana, gracilis, labiodentata and oligodonta are 
identical with M. muris muris and that another species, rmrsupialis, 
is also probably the same. 

The species he leaves in Protospirura are: numidica, muricola, 
bonnei and suslica. 


1 Hall (1916) named the species as Protospirura ascaroidea and not ascaroides. There¬ 
fore, the varietal name used by Chitwood should be ascaroidea. 


H 
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Capillmria prashadi, sp. nov. 

This species was found in only one rat, Mus decumanus. 

Male .—Only a single male was found and the anterior end was 
missing, so that the full length cannot be given. The length of the 
fragment was 7 mm., and if this is compared with the lengths of the 
whole females it is clear that the greater part of the specimen was 
recovered. The maximum diameter is 0-49 mm. The worm ends 
in a rounded cuticular expansion which is supported by a pair of 
thick ray-like prolongations of the body. These rays end in small 
papillae directed dorsally. The anus is subterminal (figs. 6, c). The 
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. Capillaria prashadi , sp. nov. 

a. Proximal end of spicule (lateral view) ; b. Posterior end of male (dorsal view) ; 
c. Posterior end of male (lateral view); d. Vulvar opening of female (lateral view). 

spicule is lightly chitinized and at the proximal end it has a bulbous 
dilation which is 0*023x0*022 mm. (fig. a ). The total length of the 
spicule is 0*95 mm. ; it is 0*008 mm. thick just behind the bulb, and 
tapers slightly towards the tip, being 0*006 mm. in diameter just 
before it narrows to end in a fine straight point; the spicule sheath 
is muscular with transverse striations, and it has spiral markings on its 
inner surface (fig. c). 

Female .—The six females, which were intact, measured 10*2-13 mm. 
in length and 0*61-0*67 mm. in maximum diameter. The oesophagus is 
4*2-5*3 mm. in length, and the vulva which is a simple opening without 
lips, is 0-1-0-2 mm. behind the posterior end of the oesophagus (fig. d ). 
The eggs are 0*058-0*064 mm. in length, including the terminal plugs, 
and 0*024-0*029 mm. in maximum diameter; the shells show radial 
striations, but no surface pattern could be made out. 

A careful comparison with the most nearly similar species of Capil - 
laria of mammals listed by Travassos (1936) demonstrates that this is 
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a distinct species. For example, C. muris-sylvatici differs with regard to 
the posterior end of the male, the shape of the spicule and the vulva in 
the female. It resembles C. felis-cati and (7. auritae in the male caudal 
extremity, but the spicules, spicule-sheaths and eggs are of different 
shapes and dimensions. In C. linsi the caudal end of the male is also 
similar and the proximal end of the spicule is dilated, but in this case 
it is definitely funnel-shaped and not globular as in our species, and the 
length of the spicule is also different. Since the other known species 
differ greatly from prashadi , a detailed comparison is not necessary. 

The name Capillaria prashadi , sp. nov. is proposed for this worm 
in recognition of the kind assistance received over many years from 
Dr. Baini Prashad, Director, Zoological Survey of India, in the identifica¬ 
tion of the hosts of our parasitic worms and in many other ways. 


Fam. Oxyuridae. 

Some Oxyurid worms were also found, but as only females were avail¬ 
able, and nothing sufficiently characteristic was found these could not 
be identified. 


CESTODA. 

Raillietina celebemis (Janicki, 1902). 

All the specimens obtained by us agreed with R . celebensis or 
R. celebensis pauciciipsulata , except that there were no spines, and in two 
worms the genital pores were not unilateral throughout the strobila. 

The absence of spines is of no importance, as it is generally accepted 
that they are lost during fixation. 

The alternation of the genital pores is a more important character, 
but in the present instance we are inclined to regard it as a variation of 
no specific value, because the alternation only occurred once or twice in 
the whole chain and there were 20 to 30 segments with pores all on one 
side followed by a similar number with the pores on the opposite side. 
Such a condition is very different from the usually accepted definition 
of alternating pores which means two or three pores on the side followed 
by two or three on the other, throughout the length of the worm. 

It was also noted in two of our worms that the number of egg capsules 
varied from 95 to over 200 in different segments of the same worm. 
Meggitt and Subramanian (1927) created the variety R . celebensis pauci - 
capsulaia on the fact that R. celebensis has 180 to 200 egg-capsules to a 
segment, whereas their worms had 100 to 120 egg-capsules. Our dis¬ 
covery of a much wider variation of capsules in a single chain indicate 
that this distinction is not valid and that consequently the name R. 
celebensis paucicapsulata should be dropped. 


Hymenolepis nana (v. Siebold, 1852) Blanchard, 1891. 

In considering this species we have followed the now generally 
accepted fact that H.fraterna and H. longior are identical with H . nana 
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ON STRIGEIDA (TREMATODA) FROM INDIA 1 . 


By 0. D. Bhalerao, D.Sc ., Ph.D.(London), F.Z.8 ., F.R.M.S., F.A.ftc., 

Research Officer (Helminthology), Imperial Veterinary Research 

Institute, Izatnagar. 

A fairly large number of “ Holostomes ” have been recorded from 
this country, mainly as a result of the researches of Verma (1936) and 
Vidyarthi (1937-38). l T nfortunately in a large majority of cases the 
descriptions given are far from satisfactory and the taxonomic positions 
of the parasites concerned erroneously determined. This is probably 
due to the difficult nature of the group and to the fact that the relevant 
literature is scattered and is inaccessible to the average Indian worker. 
Recently (1938), however, Dubois has brought out a very comprehensive 
monograph on this group of parasites. In the present monograph it is 
intended to offer criticism in regard to the shortcomings of the descrip¬ 
tions and the wrong interpretations of structure. Wherever possible an 
attempt has been made to assign the proper systematic position to the 
species which, in the opinion of the writer or other workers, were wrongly 
classified. Some time ago the writer endeavoured to obtain specimens 
from other workers but met with little success. The object of the present 
communication is to stimulate workers in this country to re-examine 
their old specimens with a view to providing the missing links in their 
description and to intejpreting correctly the different structures. This 
will facilitate the work of the taxonomist and will, it is hoped, largely 
remove the existing confusion in this complicated group of parasites. 
It may be remarked here that Cleistogamia holothuriana Faust, 1924 has 
been shown to be a Rhadoeoele Turbellarian of the family Umagillidae 
by Baer (1938). 

1. Apharyngosfrigea egretii. Verma (1936a) gave a very brief 
account of this parasite from the intestine of a Cattle Egret shot near 
Patna. No figure is given. 

2. A. ardeolinu. Vidyarthi (1937 (/) described this species from the 
intestine of the Eastern Drey Heron shot near Pliolpore, Allahabad. 

3. A. indiana.- -Vidyarthi (1937 d) described this species from the 
intestine of Egretta alba at Allahabad. The measurements of the eggs 
appear to have been ten times exaggerated. 

4. A. simplex .—This has been recorded from the intestine of a Night 
Heron shot at Allahabad. It was originally described as Holostomum 
simplex by S. J. Johnston (1904) from a heron in Australia and was 
later assigned to the genus *SYn#ea by Mathias (1925). Szidat placed it 
under Apharyngoslrigea in 1929. Only a very meagre account of this 
parasite is available. In the original description, the pharynx is stated 
to be much smaller than the suckers but there is no indication of this 
organ in the figures. It is noteworthy that the genus is characterised 
by the absence of a pharynx. 


1 Paper road before the Zoology Section of the 29th session of the Indian Science 
Congress, Baroda, 1942. 
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5. Ophiosoma macrocephalum. —Verma (1936 a) obtained this species 
from the intestine of a Hawk Cuckoo in Allahabad and gave a very 
brief description. 

6. 0 . microcephalum. This species was originally described by Szidat 
(1928) from the intestine of Buteo magnirostris and Circus cyanem in 
Brazil. Verma (1936 a) claims to have obtained this species from the 
intestine of herons in Allahabad. He has published neither a descrip¬ 
tion nor a figure of the parasite. 

7. Ridgeworthia rami. - This species, assigned to a new genus and 
obtained from the intestine of a Night Heron in Allahabad, was described 
by Verma (1936 a). The genus like Pulvinifer Yamaguti possesses 
mascular patches at the lateral corners of the fore-body. The hold-fast 
organ is a peculiar muscular ridge bent upon itself. 

8. Strigea annandalei. -Faust (1927) described this metacercarial 

from encysted in the subcutaneous tissue and muscles of the small loach, 
Nemachilus rupicola , obtained in the hill streams in Kashmir. He 
assigned this form to the genus Strigea though its position in this genus 
would appear to be improbable on account of the presence of a long neck 
region ; moreover the hold-fast organ is stated to be absent in the 
metacercaria. Presumably the structure is labelled in figure 7 pi. 
XVIII as the hold-fast organ in error. In his description of the parasite, 
he refers to a canal which he designates “ cirrus sac ”. In reality this 
tubular portion of the male genital duct should be called ductus ejaculate- 
rius, since the whole of the superfamily Strigeidcs is characterised by the 
absence of a cirrus sac. Faust remarks : “ This latter organ (Vesicula 

scminalis) opens into a canal (the cirrus sac), which empties along with 
the uterus into the genital atrium ”. This statement gives the impres¬ 
sion that the ductus ejaculatorius (cirrus sac of Faust) and the uterus 
open inte the genital atrium separately. As a matter of fact, the ductus 
ejaculatorius unites with the terminal portion of the uterus to form an 
hermaphroditic duct which opens into the genital atrium. This is 
evidenced in Faust's figure but his description is incorrect. 

9. S. elongata var. indica- -This variety was obtained by Verma 
(1936 a) from the intestine of the Black-headed Oriole in Calcutta. 
The variety differs from the species Strigea elongata Yamaguti, 1935 in 
that the host is different, as are also the dimensions of the body, while 
the anterior testis is larger. It would appear that the incorrect dimen¬ 
sions of the eggs are the fault of the printer. 

10. S.falconis Szidat, 1928.—Gogate’(19406) gave a very meagre 
description of the parasite. He does not make any mention of the 
adhesive gland and the details of the genitalia are insufficient. 

11. S.falconis var. eaglesa. —Verma (1936 a) has recorded this variety 
from the intestine of the Indian Fishing Eagle in Bihar. The variety 
is stated to differ from the species Slrigeafalconis Szidat, 1928, in the 
dimensions of the body and of the internal organs. 

12. S. globocephala .—Verma (1936 a) described this species from the 
intestine of the Crested Serpent Eagle in Bihar. The species is stated 
to have a close affinity with S. elongata and S.falconis but to differ from 
both of them in the more forward position of the ovary and testes. 
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13. S. orientalis .—Vidyarthi (1937 d) described this species from the 
small intestine of a King Vulture shot in the suburbs of Allahabad. 

14. S. nephronis. —Vidyarthi (1937 d) described this species from the 
intestine of the Scavenger Vulture. 

15. S . streptocorpus. —Verma (1936 a) described this species from the 
intestine of the Fishing Eagle in Bengal. The species was originally 
assigned to the genus Gotylurus but, as the vitellaria extend into the 
fore-body, Dubois (1938) transferred it to Strigea. The writer is in 
entire agreement with this. Verma gives a very brief account of this 
parasite. 

16. Apatemon sarcogyponis .—Vidyarthi (1937 b) described this 

species from the intestine of Sarcogyps calvus in Allahabad and assigned 
it to the genus Pseudostrigea Yamaguti, 1933. In order to accommodate 
his species in the genus, he modified the definition of the genus Pseudos¬ 
trigea . Dubois (1938, p. 491) remarks that the emended diagnosis of 
Pseudostrigea does not differ in any way from that of Apatemon Szidat, 
1928. The degree of development in the musculture of the bursa 
copulatrix is not considered by him to be a character of generic import¬ 
ance. Vidyarthi describes the presence of “ two prominent suctorial 
pockets, one on each side of the oral sucker ”. Yamaguti (1933), in des¬ 
cribing the genotype, remarks ; “ At the anterior end of the body 

there is a prominent sucker and a broad notch on either side of it. 
Immediately behind these notches there are conspicuous lateral depres¬ 
sions similar in structure as in all the members of the subfamily 
Strigeini ”. It would appear from the above remarks that Dubois is 
definitely in favour of assigning this species to Apatemon and the writer 
is in complete agreement with this view. 

17. A. casarcus. —Vidyarthi (1937 b) described this species from the 
intestine of Casarea ferrunginea in Allahabad. 

18. A. indicus .—Vidyarthi (1937 b) described this species from the 
intestine of Casarea ferrunginea in Allahabad. 

19. A. pandubi. —Recently Pande (1939) described this species from 
the intestine of the Indian Darter or Snake-bird from Allahabad. 

20. Gotylurus orientalis .—Vidyarthi (1937 b) described this species 
from the intestine of the common Teal in Allahabad. He claims to have 
seen a receptaculum seminis in this species, although the whole of 
Strigeida is characterised by its absence. He also describes a genital 
cone. The genus Gotylurus does not possess this structure. It would, 
therefore, appear that Vidyarthi failed to interpret correctly the various 
parts of the genitalia of this parasite. In this genus the protrusion of 
the genital pore is caused by the protraction of the anterior and dorsal 
wall of the bursa. This was probably mistaken by Vidyarthi for the 
genital cone. In regard to the receptaculum seminis, this structure 
does not exist at all. 

21. Diplostomum Jcetupanensis .—Vidyarthi (1937 c) described this 
species from the intestine of the Northern Brown Fishing Owl in Luck¬ 
now. He mentions a small genital cone but presumably this is a mistake ; 
as the genus is characterised by the absence of this structure. 

22. D. buteii. —Vidyarthi (1937 c) described this species from the 
intestine of Buteo rufinus rufinus in Lucknow. 
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23. D. thaparia. —Lai (1939) described this species from the intestine 
of a King Vulture in Lucknow and assigned it to his new genus Neolaria * 
He tried to separate this genus from Alaria and Pralaria thus indicating 
that it belongs to Alariinac. The location of the vitellaria, however, 
is against this decision. The fact that in this species the vitellaria are 
present in both segments of the body and are well distributed, places it 
in the subfamily Diplostomini. In this group it approaches most 
nearly to the genus Diplostomum . Amongst other peculiarities of the 
species, Lai emphasises the instinct division of the fore- and the hind- 
body, the trough-shaped hold-fast organ and the peculiarly dumbbell¬ 
shaped tests. In many species of Diplostomum the body is somewhat 
indistinctly divided into two regions. In many the tests are bi-lobed. 
The hold-fast organ in some species has a tendency to recurve anteriorly 
or posteriorly. Probably this recurving was much pronounced in Lai’s 
species. The bursa is simple in all the members of the genus Diplosto¬ 
mum. From all these considerations, it must unmistakably belong to 
the genus Diplostomum . 

24-27.—Verma (1936 a) mentions four forms obtained respectively 
from a Duck and a Sea Eagle in Calcutta and an Osprey and a Vulture 
in Allahabad. All these, according to Verma, are referable to Diplosto¬ 
mum (syn. Proalaria). He gives no description of these parasites and 
withholds his final decision about them. 

28. “ Proalaria alcedensis ’’.—This parasite has been recorded by 
Patwardhan (1935) from the intestine of the King Fisher in Nagpur and 
by Verma (1936 a) from the intestine of the Pied King Fisher in Allah¬ 
abad. In the first instance it should be noted that Proalaria is a synonym 
of Diplostomum. This species cannot, however, be included in this 
genus since the vitelline follicles are confined to the posterior segment of 
the body. Dubois (1938) doubts the presence of pseudo-suckers in the 
species. In the figure they are not represented as definite organs and it 
is possible that their supposed presence may have been more apparent 
than real. The terminal parts of the genital ducts are not described. 

29. N eodiplostornum kashmirianum. —Faust (1927) described an 
encysted form from the skin nodules of Schizothorax curvifrons, S. niger 
and Crossochilus latea in Kashmir. As in the previous case, namely, 
that of Strigea annandalci , the bursa copulatrix is mistaken for the 
u cirrus-pouch 

30. N. cochleare var. calaophilum Dubois, 1938.—Originally Verma 
(1936 a) described briefly specimens from the Horn-bill in Calcutta as 
the species N. cochleare but Dubois (1938) created a new variety for it as 
it appears in a different host and as the eggs are much larger. 

31. N. cuckooai. —Verma (1936 a) originally described this species 
irorn a cuckoo in Allahabad and assigned it* to his newly created genus 
Procrassiphiala but as the host is of a different order (not Charadrii) 
and as the posterior portion of the body is smaller than the anterior 
Dubois (1938) places it in the genus Neodiplostornum. He considers 
that the species approaches N. elliplicum (Brandes, 1888) and this 
would appear to be very probable. Verma gives an extremely brief 
account of this parasite. 
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32. N. dilaeaccum. —Lai (1939) describes this species from the intes¬ 
tine of Athene brama in Lucknow. Unfortunately he does not describo 
the bursa copulatrix. 

33. “ N . gavialis —Narain (1930) originally described this species 
from the intestine of Gavialis gangeticus in Allahabad. Vidyarthi 
fJ937 a) assigned it to the genus Crocodilicola. Dubois (1938), however, 
does not agree with Vidyarthi, as in this species the genital system, with 
the various genital ducts, is not described in sufficient detail to make it 
possible to assign it to any genus of Strigeida. He, therefore, prefers to 
retain the original nomenclature placed in inverted commas. 

34. N . globiferum. -Verma (1930 a) described this species from the 
intestine of a cuckoo in Allahabad. The terminal portions of the genital 
ducts and the bursa copulatrix are not properly described. 

35. N. gumbudia .— Dogate (1940 b) described very briefly an immature 
specimen of this species from the intestine of a common Kite in Pilibhit. 

30. N . laruci.— Vidyarthi (1938 a) described this species from the 
intestine of Sareogyps calms in Allahabad. In this species, also, the 
bursa copulatrix and the genital ducts are inadequately described. 

37. N. mehranium *—Vidyarthi (1938 a) described this species from 
the intestine of Ilaliaelus Icucorgpltus in Allahabad. The bursa copula¬ 
trix and the terminal portions of the genital ducts are not described. 

38. N. mehrii. - This species was originally described as Ncodiplos - 
tow ides mehrii by Vidyarthi (1938 a) from the intestine of a Bonell’s 
Eagle in Allahabad. Dubois (1938) remarks that the genus Neodiplos - 
tomoides differs from Neodiplostomum by the (?) presence of a genital 
bulb and the form of the testes. He doubts whether a genital bulb 
really did exist in the specimen described by Vidyarthi : the posterior 
extremity of the body was very much deformed and, moreover, the form 
of the testes is considered by him to be of secondary importance. The 
species is, therefore, here assigned to the well-established genus Neodiplos¬ 
tomum. 

39. N. orientalis .—Vidyarthi (1938 b) originally described this species 
from the intestine of Buteo rujinus rujinus in Allahabad and assigned it 
to the genus Bolbophorus. Vidyarthi describes the presenco of pseodo- 
suckers in this species but the correctness of this is very much open to 
question, Dubois (1938) remarks that, taking into account the host, 
the pointed cephalic extremity and the structure of the bursa copulatrix 
it is doubtful whether this species can really be assigned to the genus 
Bolbophorus . It appears to be a member of the genus Neodiplostomum, 

40. Neodiplostomum, sp.—This form, insufficiently described, was 
reported by Lai (1939) from the intestine of the Blue Jay in Lucknow. 

41. N. tytense. —This form was originally described by Patwardhan 
(1935) from the intestine of Tgto alba sterlens in Nagpur. Verma (193(3 a) 
recorded it from the Osprey and the common vulture in Allahabad* 
The bursa copulatrix and the terminal portions of the genital ducts are 
not described by Patwardhan. Verma obtained from a kestrel in Allah j 
abad somewhat similar forms which were shorter than N . tytense. The 
forms from the kestrel were l*85-2‘05 mm. long and in them the fore- 
and the hind-body were in the proportion of 1 : 1-1, and the vitellaria 
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extended more anteriorly than in N. tytense . Verma reserves his filial 
opinion on these, remarking that they may be a different species. 

42. N. bagulum. —Lai (1939) described this species from the intestifie 
of the Eastern Grey Heron in Lucknow. He assigned this species to 
the genus Pharyngostomum of the subfamily Alariinae. The members 
of this subfamily are parasites of mammals and very rarely of birds; 
moreover, in this subfamily the vitelline follicles are confined to the 
anterior segment of the body. This species, having an avian host and 
the vitelline follicles distributed in both segments of the body, can be 
assigned to the subfamily Diplostominae and the subfamily Diplostomini 
Dubois, 1931. In this subfamily it can easily be assigned to the genua 
Neodiplostomum on account of the absence of pseudo-suckers, the body 
being distinctly bisegmented, the bursa oopulatrix being very small 
and non-evaginate, the oral sucker being elliptical and the anterior 
segment of the body being longer than the posterior. The only thing 
puzzling about this parasite is that the anterior testis is larger than the 
posterior and the former is bilobed while the latter is more or less pear- 
shaped. This is rather an exceptional feature, the reverse being the 
rule amongst this group of parasites. As a matter of fact, no known 
member of Neodiplostomum possesses the testicular character described 
by Lai. It is, therefore, probable that Lai has incorrectly interpreted 
the testicular structures. The two obliquely situated large lobes appear 
to be parts of the posterior testis and the asymmetrical smaller lobe on 
the left side appears to be the anterior testis. With this rectification in 
the interpretation of the testicular structures, the species described by 
Lai can be assigned to the genus Neodiplosto?num. 

43. Allodiplostomum hindustani.—Ye rma (1936 a) described this 
species from the intestines of the Indian Hod-wattled Lapwing in Allah¬ 
abad. He has given a short description and the measurements of the 
pharynx,-the anterior testis and the ovary appear to be erroneous. 

44. Procrassiphiala triticum.—Ye rma (1936 a) described this species 
from the intestine of the Red-wattled Lapwing in Allahabad and assigned 
it to his newly created genus Procrassiphila. He defined this genus 
very briefly and, as remarked by Dubois (1938), there do not exist out¬ 
standing anatomical differences between this genus and Neodiplostomum 
Railliet, 1919. Dubois has, however, accepted this genus on the grounds 
that the fore-body is broader than the hind-body and that the latter is 
much longer than the former. 

45. P. halcyonae. —Gogate (1940 a) described this species from the 
intestine of Halcyon smyrnmsis in Rangoon. 

46. Glossodiplostomoides gen. nov.—Vidyarthi (1938 b) described Glo- 
ssodiplostomum hieraetii and G . buteoides from the intestine of Hieraetus 
fasciatus and Buteo rujinus respectively in Allahabad/ Dubois (1938) 
considers that the latter species is a synonym of the former and he appears 
justified in holding this opinion. Except' for minor differences both 
species seem to be identical. The question now arises whether Vidyarthi 
is justified in assigning these species to Glossodiplostomum as Dubois 
suspects. This genus is up to the present moment represented by the 
single species G. glossoides (Dubois, 1928) Dubois, 1932. A comparison 
of this species with G . hieraetii (syn, G. buteoides) indicates that the latter 
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species differs from the former in many important respects, viz., (1) a 
marked difference between the fore- and the hind-body, the hind-body 
being at least twice as long as the fore-body, (2) a larger hold-fast organ 
and (3) the occupation of more body space by the genital organs. 
These points of difference being very significant, it is proposed to create 
a new genus for its reception for which the name Glossodiplosiomoides 
is suggested. The new genus is defined as follows :— 

Diplostomini: Body somewhat indistinctly bisegmented: cons¬ 
triction being absent. Fore- and hind-body distinct. Anterior end 
bearing oral sucker conical. Maximum breadth in the region of the 
hold-fast organ. Cuticle smooth. Fore-body spoon-shaped. Hind- 
bodv cylindrical, more than twice the length of fore-body. Pseudo- 
suckers present. Hold-fast organ spherical, one-eighth to one-fourth of 
the total body length. Genital pore subterminal. Genital organs 
occupying half the total length of the body. Testes transversely oval, 
tandem or slightly oblique. Ovary anterior to testes. Vitellaria ar¬ 
ranged in two lateral bands. Eggs few, operculate. 

Type species.- G. heiraetii (Vidyarthi, 1938) Bhalerao, 1942. 

47. Posthodiplostomum botauri .—Vidyarthi (1938 a) described this 
species from the intestine of Botauras stellaris in Allahabad. He does 
not make any mention of the hermaphroditic duct. It is not stated 
whether the bursa copulatrix is eversible, this being one of the important 
generic characters. 

48. P. grayn-Xetma (1936a) described this species from the 
intestine of the Pond Heron assigning it to the genus Proalaria, which is 
a synonym of Diplostomum. Dubois (1938), however, assigns it to 
Posthodiphstomwn , mainly on account of the eversible nature of the 
bursa, the terminal genital pore, the limited anterior and posterior 
extent of the vitelline follicles, the presence of the acetabulum in the 
posterior half of the fore-body, the form and situation of the genital 
glands and the adaptation to Ardeidae. He doubts the presence of 
“ an accessary pit, with hair-like cilia projecting outwards, on margin 
of fore-bodv a short distance behind oral sucker ”. This is evidently a 
pseudo-sucker but the genus Posthodiplostormwi is devoid of this struc¬ 
ture. Should this prove to be correct, the forms described by Verma 
will have to be placed in a new genus. 

49. Uvulifer ceryliformis. —Vidyarthi (1938 a) described this species 
from the intestine of Ceryle radis leucomalanara in Allahabad and assigned 
it to the genus Crassiphiala. It does not, however, fit exactly into this 
genus since its hold-fast organ is much smaller and does not extend 
anteriorly as far as the pharynx. It has closer affinity with the genus 
Uvulifer Yamaguti, 1934 from which it differs only in the absence of the 
ventral sucker. In this respect it agrees with Crassiphiala, but the 
nature of the hold-fast organ has more taxonomic importance than the 
absence or presence of the acetabulum. For this reason it is assigned 
to the genus Uvulifer. 

50. U. stunkardi .—Pande (1938) described this species from the 
intestine of Halcyon smyrensis fusca in Allahabad and assigned it to the 
genus Crassiphiala . This species does not satisfy all the requirements 
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Nt>f the genus Crassiphiala : the acetabulum being touch smaller than 
normal. It, however, agrees in all respects with the genus Uvulifer. 

51. Pscudodiplosto?num cod dear is. —Verma (1936 a) gave a brief 
^account of this species from the intestine of the King Fisher in Allahabad. 
As remarked by Dubois (1038)%, this species having a smaller ventral 
sucker has affinity with the genus TJvidifer. As against this it is supposed 
to have no genital bulb. This character precludes one from assigning 
it to Uvulifer . This structure being more important than the compara¬ 
tive sizes of the two suckers, the writer agrees with Dubois in keeping it 
tentatively in the genus Pseudodiploslomum. 

52. P. fraterm .—Verma (1936 a) described very briefly this species 
from the intestine of Veryle radis in Allahabad* 

53. Alaria robusta .~ Verma (1936 a) described this species from the 
intestine of the King Vulture in Allahabad. This is the only species of 
the genus recorded from a bird. The infection is very probably acciden- 
tial. Normally Alaria is found in Mammalian hosts. 

54. A. alata.- Maplestone and Bhaduri (1940) recorded this 
species from a dog in Calcutta. The joint authors do not mention the 
organ of infection but it lias been known to occur in the stomach, duode¬ 
num, small and large intestines, rectum and hepatic canals of the host. 

55. Travassosstomum tropidonoiis.— This species, obtained from the 
intestine of Nairix piscatory was described by Vidyarthi (1937 a) under 
the name Pmalarioides tropidonotis. Simultaneously with this a paper 
by the present writer giving an account of the same parasite was in the 
press at Rio de Janeiro in connection with the Jubilee Volume published 
in 1938 in honour of Prof. Travassos. Since the paper of Vidyarthi 
appeared some ’months before the publication of the Jubilee Volume, 
the specific name proposed by Vidyarthi has priority. Vidyarthi, 
being -unable to interpret correctly many anatomical features of the 
parasite, assigned the species to the genus Proalarioides Yamaguti, but 
the correctness of this was very much doubted by Dubois (1938). The 
writer (Bhalerao, 1938) assigned it to the new genus Travassosstomum 
which differs in many respect from Proalarioides. The writer has, 
moreover, given a fuller account of this parasite and suggested the inclu¬ 
sion of the genera Travassosstomum and Proalarioides in the new sub¬ 
family Travassosstominae. He has also pointed out the impropriety 
of including Proku'ioides in Ophiodiplostominae as was proposed by 
Dubois (1936). The writer’s material was obtained in Nagpur while 
that of Vidyarthi was collected at Allahabad. 

56. Verma (1936 b) records his having obtained some specimens 
from the Black-necked Stork resembling the species Ilolostomum serpens 
which is a synonym of N ematostrigra serpens (Nitzsch, 1819) Sandground, 
1934. The author has not studied these specimens fully and for this 
reason it is not possible to state whether the specimens belong to one of 
the already known species or to a new one, and the decision must wait 
further study. 

57. Cyathocotyle calvusi .—This species obtained from the intestine 
of the king vulture (Sarcogyps calvus) in Allahabad was briefly described 
by Verma (1936 b). He does not make any mention of the ventral 
sucker nor does he show it in the figure. This structure is therefore 
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presumably absent in this species. As remarked by Dubois (1938), the 
elongated nature of the testes appears to have been the effect of the 
similar disposition of the parasite. 

58. Gogatea serpentium. —Gogate (1932) described this species from 
the intestine of Natrix piscator in Rangoon and assigned it incorrectly 
to the genus Prohemistomum, Lutz (1935) created the new genua 
Gogatea for its reception. Dubois (1938), who examined two specimens 
of this species, remarks that he has not seen the median cleft of the hold' 
fast organ described by Gogate as a “ narrow central depression.” 

59. Mesostephanus burmanicus. —Chatterii (1940) described this 
species from the intestine of Enhydris enhydris , a snake in Burma. The 
previous members of this genus have been recorded either from mammals 
or birds. The discovery of a species of this genus in a reptilian host 
disproves the rigid views of host specificity held by Dubois. The dimen¬ 
sions of the caudal appendage and ventral sucker published by Chatterji 
appear to be wrong in some respects. Although the author has separated 
this species from M. appendimlatoides (Price, 1934) there do not 
seem to be clear-cut differences between the two species. Examina¬ 
tion of some more material might prove that the two specios are identical.. 
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I. Introduction. 

(rate ml. 

Our knowledge of the embryology of the Gastropoda dittos front 
the latter part of the 19th Century, and a considerable amount of work 
has been published on the subject. A perusal of the literature shows 
that while a great deal of attention has been paid to the phenomena of 
cleavage and cell-lineage, equal justice has not been done to organo¬ 
genesis. Most of the investigations are confined to the early develop¬ 
ment of the embryo up to the gastrula or the trocliophore stage. Only 
a few authors have described the origin of the rudiments of the various 
organ-systems and their subsequent development. 

The Indian Apple-Snail, Pila glohosa (Swainson), is studied as a type 
of the Gastropoda in many of the Indian Universities, and an account 
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of its anatomy was published bv Prashad (1932). In order to complete 
our knowledge of this form I took up at Professor K. N. Bahl’s 
suggestion, the study of its embryology. 

This investigation was carried out in the Zoology Department of 
the University of Lucknow under the guidance of Professor J\. N. Bald. 
D.Sc. (Oxon.), to whom I am deeply indebted for advice and constant 
encouragement, lie made valuable suggestions and took great pains 
in revising the manuscript. T am also indebted to Dr. M. L. Bhatia 
and Dr. S. M. Das for their helpful criticisms and assistance in the prepa¬ 
ration of the figures. My thanks are also due to Dr. S. M. Sane and 
Dr. A. C. Chatterjee of the Chemistry Department for translating the 
bulk of the German references for me : and to Mr. Natu for help in the 
preparation of some of the drawings. Finally, to Professor K. S. 
Goodrich. F.R.S., of Oxford. J am deeply indebted for examining flic 
manuscript critically. 


Material and Technique. 

The material for the present investigation was obtained during the 
monsoon months of July and August. Freshly laid spawn was obtained 
both from Chinliat and Marayaon Lakes in the vicinity of Lucknow, 
as well as from the aquarium of the University Zoological Laboratory 
at Lucknow, where copulating pairs were brought and kept for tin* study 
of oviposition. The time taken for oviposit ion was recorded. The 
egg-masses were kept on moist earth in large glass dishes in as natural 
surroundings as possible in the laboratory. The earliest embryonic- stages 
were dissected out of the eggs in normal salt solution by removing a 
part of the egg-shell and incising the thick solid layer of albumen with 
a. needle, thus allowing the albuminous fluid within to flow out of the 
egg along with the contained embryo. The embryo was then separa¬ 
ted from the albumen with fine needles. 

The material was fixed various!}. For a study of the cleavage, 
the segmenting ova were fixed in Gilson s mixture or 5 per cent, formalin, 
or according to Wilson’s method (190f) fixing in acetic acid to which 
drops of glycerine were added to render the ova transparent. Gilson’s 
mixture was found quite satisfactory for the study of whole embryos. 
For advanced stages of the embryos, Kleinenberg’s picro-sulphurie acid, 
Gilson’s mixture, the Petninkewitsch’s mixture, 5 per cent, formalin, 
Zenker’s fluid, and hot corrosive sublimate were employed. Of these 
Gilson’s mixture and the Petrunkowitsch’s mixture gave the best results. 

The time of fixation varied with tin 1 different fixatives and with the 
different stages of development. Gilson’s and Petrunkewitsch’s mix¬ 
tures required 5 to 20 minutes. 

In advanced stages when the shell is well developed and the embryos 
possess an adult appearance, it is always" essential to fix them in their 
fully extended condition in order to avoid complications caused by the 
retraction of the embryo within the shell. For this purpose, the embryos 
were narcotised either with sulphuric-ether or with chloroform. The 
shell was then removed with fine needles. 

The fixed material was stored in 75 per cent, alcohol. Sonic of the 
material was preserved in the alcohol-glycerine mixture. It was found, 
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however, that the glycerine penetrated the tissue of the material so 
thoroughly that it could not be completely removed subsequently, 
with the result that good sections could not be obtained. 

It may bo emphasised that material should preferablv be kept in 
glass-stoppered tubes rather than in corked tubes. In the latt»*r case, 
presumably on account of some chemical change produced by the action 
of alcohol oil the cork, the material becomes discoloured, and does not 
yield good sections, as the cells of the outer or epidermal layer become 
vacuolated, shrunken or distorted. On the other hand, the material 
kept in glass-stoppered tubes retains its natural colour for a long time 
and the tissues remain in good condition. 

For whole mounts, the best results were obtained by first keeping the 
embryos in the alcohol-glycerine mixture for some time. This treatment 
rentiers them more transparent than is otherwise possible. Fmbryos as 
well as the early eggs in cleavage-stages were cleared in clove oil and 
mounted in cavity slides -which procedure has the advantage that, on 
rolling the cover-slips, the ova and the embryos can be examined on all 
sides without being injured. 

For sectioning, the embrvos were cleared in cedar-wood oil and 
embedded in paraffin. For the orientation and the block-making of 
very early stages, the following method proved to be, satisfactory. The 
embryos were transferred from the clearing medium on to a piece of 
blotting paper, whence they were transferred by touching the embryos 
with a needle dipped in melted paraffin, when the embryos adhere to the 
paraffin. They wore then transferred to watch glasses containing molten 
paraffin inside the bath. At the time of block-making, the embryos 
were orientated under tin* binocular-microscope and the paraffin allowed 
to cool. If the material is lightly stained with Borax ('aniline while it 
is still in alcohol, the orientation in paraffin is vorv much facilitated. 

Sections were cut in three planes, r/:., transverse, sagittal, and hori¬ 
zontal. Sections of the early stages were cut Cm thick, but those of some 
ol the advanced stages won* cut up to Hu. 

Whole mounts were stained in alcoholic borax-carmine which was 
also used as a bulk stain for sectioning purposes. Dolafield’s ilacma- 
toxylin, either alone or with eosin as a counter-stain, and Heidenhain’s 
haematoxylin were employed for staining the sections. 

All figures were drawn with the help of the camera lucida. The 
figures of the whole mounts wore drawn in outline with a camera lucida, 
but the outlines of the internal organs, though first, traced from whole 
mounts, were cheeked later by a study of the sections. The figures have 
been so drawn that the dorsal side of the animal is the upper side of the 
section, and thus the direction of tin* foot is always kept ventral. In 
figures of transverse sections, the right and left sides of the figures corre¬ 
spond to the right and left sides of the animal. 

II. OvirasmoN. 

The General Process. 

Like most Gastropods, Pila cjlobosa is oviparous. It breeds during 
the rainy season, which in Northern and Wastern India extends over 
a period of about four months, from June to September. In the United 
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Provinces, the period extends from the beginning of July to about the 
first week of September, but the middle of July, when the monsoon is 
in full swing, is the most active period. In Bengal, where the monsoon 
is early, breeding takes plane in May and June (Prashad, 1925). Breed¬ 
ing depends not only on the, onset of the rains but also on their continuity. 
If there is a break in this continuity for several days on end, breeding 
ceases altogether, except in rare cases. 

As soon as the rains set in, the snails, which have been aestivating 
underground upto a depth of four feet (Bald. 1928), come out of the 
ground and enter small ponds and puddles formed by the rain. They 
feed voraciously on succulent aquatic plants such as V allisneria and 
Pis tin, and later copulate. (Population may take place either in water 
while the snails are floating, or near the edge of water amongst water- 
weeds. 

Eggs are laid two to three days after copulation, and generally about 
two weeks elapse after the onset of the rains before the females are seen 
laying their eggs. According to Bald (1928), oviposition can be delayed 
by preventing impregnated females from going out of water on to the 
land, but when this check is removed, oviposition begins. He writes, 
“ after keeping several fertilised females in water in a glass aquarium 
for a week, l took them out and placed them on moist ground in the 
frog-pond with the result that there was, so to speak, an ‘ epidemic ’ 
of oviposition, since all of them had been waiting to lay eggs ”. 1 

observed also that females, which were disturbed in the act of oviposi- 
tion, if kept on moist soil, started laying again after about three hours, 
so that the interrupted oviposition was resumed. 

(generally. Pi la lays its eggs in the early hours of the morning from 
about 5 to 9 a.m.. though sometimes eggs are laid at other hours of the 
day as well. 

For oviposition, Pila leaves the water and comes out on the land. 
It lavs its egg-mass in a suitable place, generally a few inches to a few 
feet above the water-margin in a natural depression in the ground or a 
special pit made for the purpose in soft ground with the help of its shell 
and foot. When the ground is hard, no pit or depression is formed and 
the eggs remain quite exposed and unprotected, but they are usually 
concealed amongst water-weeds or grass close to the water-margin. 

There are two distinct advantages to the snail in laying the egg- 
masses amongst water-weeds rather than on open ground. In the 
first place, the eggs are protected from desiccation ; they retain their 
moisture for a long time, and even the outermost eggs in the mass do 
not dry up ; the number of embryos which hatch out is much larger 
than in the case of those egg-masses which are laid out in the open. 
In the latter case, there is exposure to direct sunlight and excessive 
evaporation with the result that the outer layers of eggs in the masses 
dry up and the embryos die. 

When Pila comes out of water for oviposition, a process which takes 
four to six hours, it is exposed to its enemies, such as water-birds, speci¬ 
ally the herons, which are always on the look-out for and pounce upon 
the snail, which has protruded its foot and head out of its shell and lies 
in a relaxed condition during oviposition. These birds tear the snail 
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out of its shell and incidentally destroy the eggs, trampling them under 
their feet. 

During oviposition, the head region protrudes out of the shell along 
with the fully extended foot, the latter functioning as an * ovipositor ’ 
(Bahl, 1928) by being transformed at its base into a cup-shaped struc¬ 
ture with the concavity towards the outside. By its muscular action, 
the foot helps in the deposition and collection of the eggs into a mass as 
soon as they pass out of the vagina, one after another. The cup-shaped 
foot envelopes the eggs as they are laid and keeps them together till 
the last egg is laid, after which the female withdraws its foot from the 
egg-mass and creeps back to the water, leaving the egg-mass outside. 
It was probably after seeing Pila in such a state, when the female 
was laying its eggs and the eggs were partially covered by the dome¬ 
shaped sole of the foot, that Ramanan formed a wrong idea that eggs 
were being incubated by the female ; he also wrongly considered the 
upper part of the cup-shaped foot enveloping the egg-mass as a part 
of the mantle. Bahl (1928) first showed that Ramanan was mistaken ; 
and I agree with him. Bald’s statement that “ tin* foot is attached 
to the egg-mass for kneading together and adding new eggs as they art* 
being laid to the pre-existing egg-mass and not for the purpose of incu¬ 
bation ” is corroborated by my own observations. 

The Egg-Mass. 

The eggs are laid in more or less irregular masses which differ in size, 
weight, and shape, and also in the number of eggs they contain. The 
size of the egg-mass varies from 2 X2'5 cm. to 5*9 cm., averaging 
about 8*5x5 cm. ; the eggs are placed 5 to (> layers deep. Tin? weight 
of tin* egg-masses varies from 5 to 84 grins., average* 15 to 25 grins. 
The number of eggs in each mass varies from 100 to 850 ; in masses 
which are about 8*5x5 cm. in size and 15 to 25 grins, in weight, the 
number is from 400 to 500. 

Tin* shape of the egg-masses varies. Tf the eggs are laid in a hollow, 
the mass assumes a convexity on the side lying against the ground. 
On flat ground, the mass is flat on the lower side. The upper surface 
of the mass may be either flat or convex. The mass is more or less 
circular or oblong in outline and may show a depression in the centre. 

During oviposition, as the eggs art* laid in succession and are sticky 
in the fresh condition, they get pressed and glued together due to the 
muscular action of the foot. The eggs thus become sliuhtly flattened 
at their places of contact. 


The Egg. 

The eggs of different masses may vary slightly in size, but the eggs 
of the same mass are of the same size, though in a few cases one or more 
eggs in the same mass may be larger than the rest. The egg is either 
rounded or oval in shape, varying in diameter from 4 to 7 mm., tin* latter 
size being ran*. The average diameter is about 5 mm. 

The egg is composed of a shell ; two thin membranes, the shell- 
membrane and the albumen-membrane ; a solid albuminous sphere ; 
and the albuminous fluid in which the embryo floats. 
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The shell forms the outermost covering of the egg. It is calcareous 
and is milk-white in colour ; when fresh it is soft and sticky. Shortly 
after oviposition, the shell dries up and becomes hard and brittle. The 
shell is also porous. The outer surface of the shell is rough and is studded 
with minute tubercles. The shell is about. 0-5 mm. thick and is lined 
internally with a very thin and delicate transparent membrane, the shell 
membrane. On removing the shell with the shell membrane, a thick 
solid globular mass, the albuminous sphere, is seen, ft is about 4 mm. in 
diameter and 1*2 mm. thick, and fills the entire space within the shell. 
Closely investing the albuminous sphere, is another delicate membrane, 
the albumen-membrane. The albuminous sphere is solid in texture, 
and is greyish-white in colour; inside, it is hollow and the cavity is 
tilled with a transparent albuminous fluid in the centre of which floats the 
yellowish embryo. The area, covered by the albuminous fluid is about 
1*7 mm. in diameter. 

The glowing embryo ingests the entire albuminous fluid and then 
the solid albumen, so that at the time of hatching, only the albumen 
and shell-membranes are left within the shell ; tin* latter ruptures to 
allow the embryo to come out. 

Development evidently begins as soon as the eggs are laid. Eggs 
taken from different regions of* an egg-mass contain embryos at different 
stages of development. In a freshly laid egg-mass, the eggs laid last 
show no cleavage of the fertilised ovum at all : the eggs from tin* middle 
layers of the egg-mass are in the two cell stage ; and the eggs that were 
the first to be laid, i.e., those at the lowermost layer of t he egg-mass, 
are already in the four to eight-cell stages. 

Apparently, all the eggs are ft utilised, and aie capable of development 
under favourable conditions; no sterile eggs wen* mot with 1 . 

* The.•incubation period varies with the nature of the. environment. 
Brighter sunshine (higher tcmpeial ure) and suitable humidify accele¬ 
rate development. 1 found that in one year when the temperature 
in the shade varied between AO to 100 E. tin* incubation period was 
10-14 days; while in another year, during the corresponding period 
when, due to constant and heavy rainfall, the temperature had come 
down to 70-80°E. the incubation period was about three weeks\ 

III. Tin-; Ekhtiuskd Ovum. 

During copulation the spermatozoa are known to make their way 
to and impregnate the ova while the latter are still within the oviduct. 
The thick solid layer of albumen and the egg shell are formed later and 
surround the fertilised ovum, (‘areful examination of a freshly laid 
egg, on the removal of the egg-shell and the solid albumen-sphere, shows 
a large number of spermatozoa floating in a more or less disintegrated 
condition in the liquid albumen (rf. Semper, 18(12 ; Scott, 1934). 

1 According 1o Annandale (1920) a covering of the sterile eggs surrounding the fertile 
ones is met with in the case of the Siamese species, Pila turbiuis. 

" IVashad (l‘.)2r>) gave the incubation period in Pila ijlobo'm as about a month. Tn 
Ampullaria polita . according to Semper (1802), 14 days was tlie maximum period roquired 
by the young ones to hatch out. Scott (L934) gives this period as about one month 
in the ease of Awpvllaria canaUeuluta but this, she says, is the case with eggs produced 
at tho end of the season and kept ill shade. 
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The fertilised ovum (Text-fig. 1 a) is spherical, and is a bright lemon- 
yellow due to the presence of the coloured food-yolk which renders the 
egg quite opaque. Each ovum in the living state is about 160 p. in 
diameter 1 . In it the yolk is uniformly distributed and there is no 
demarcation between the protoplasmic- and deuteroplasmic portions. 
The first indication of a polar d i tie rent iat ion is noticed when the two 
polar bodies are extruded, one after the other, at one end ot the egg, 
which forms the animal or formative pole of the egg. In Pda (jlohosa , 
as in Paludinu (Tdnninges, 1806) and CrcjnduUi (Conklin, 1807) the 
polar bodies do not remain attached to tlie egg fora very long time, but 
soon get detached and disappear 2 . On examining the ovum imme¬ 
diately before the lirst cleavage, we find that just beneath the polar 
bodies there lies a small comparatively lighter area, while the yolk is 
concentrated at the opposite end of the egg; the nucleus has moved 
from its middle position into the' animal polo while the polar bodies 
are being extruded. Thus a polar differentiation is clearly established 
in the egg just before, cleavage starts, as is generally the case in all 
(Gastropoda. In Crepidala, however. Conklin (1897) believes that this 
polarity is established at a very early stage when the egg is still within 
the ovarv. 

IV. Clkavmsk and the Cleava(;k=Cavitv. 

Tin' Fin s' Cdenratjr. 

Cleavage begins about 2J to 8 hours after the eggs are laid. The 
first dividing furrow appears at the animal pole where the polar bodies 
were, extruded, and gradually extends along both sides in a meridional 
direction to the vegetative pole. The lirst cleavage*, is completed in 
about 15 minutes and divides the egg into two equal halves, the blasto- 
mcres. Each hemispherical blastomere soon becomes almost* spherical 
again, the two being joined along a small area, in the. middle of each 
sphere. But this spherical shape, docs not persist, as the blastomeres 
again become flattened against each other (Text-fig. R>), « ( > that the two 
together look like a single undivided sphere (*;/’. Paladma, Liltorina , 
Svccinca. ('icjridula, Umar, Planorhis , Plti/sa, etc.). 

At the junction of the. two blastomeres a lenticular cavity makes 
its appearance and after reaching its maximum size, suddenly dis¬ 
appears before the commencement of the next cleavage. 

The Second Cleavage. 

The second cleavage occurs about two hours after the completion 
of the. lirst. Just before the appearance of the second cleavage-1 urrrtw, 
the two hemispherical blastomeres show the. same arrangement of their 
contents as in the unsegmented ovum, ?.e., the clear protoplasmic area, 
with the nucleus lies towards the. animal pole, while the yolk is con¬ 
centrated towards the vegetative pole. This cleavage is also meridional. 

1 f have observed that on fixation t!ie ovum shrinks in size. Thus, for example, 
a living fertilised ovum about IfiO p in diameter became reduced to 1 14 p in diameter, 
after it was fixed, dehydrated and cleared. 

2 Conklin (1KD7) has traced these polar bodies in ('rvpidnlu inside the mesenteron, 
where they had k ‘ been drawn in with the nutrient fluid (albumen) surrounding the 
embryo 
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Beginning from the animal pole, it cuts across the first furrow at 
right angles, and gives rise to four blastomeres of equal size, desig¬ 
nated as A, B, C and D. The division of the two blastomeres occurs 
simultaneously and [ never came across any stage where the division 
of one of the two blastomeres preceded even slightly that of the other. 
At the time of their formation, the blastomeres are. as in the preceding 
stage, spherical but later get pressed against one another (Text-fig Ic). 
The second cleavage is the first indication of the occurrence of the ‘ spiral ' 
cleavage and is Jacrotro/nc in direction. Ft occurs in such a manner 
that ‘cross’ or ‘polar’ furrows are formed at the two poles of the 
segmenting egg, as a result of which two of the blastomeres come to lie 
against each other at one pole and prevent the other two from coming 
in contact with each other ; the latter two however, meet at the opposite 
pole (Text-fig. 1c) where the first two remain apart. The polar furrow 
is of great practical and theoretical importance. It has been stated 
to bear a constant relation, in all cases of spiral cleavage, to the first 
and second cleavages. If an egg at the 4-cell stage is seen from the 
animal pole, the polar furrow is seen bending to the right if the first 
cleavage-furrow be kept in the line of vision, and in the reverse direc¬ 
tion. t.<\, towards tin* left, it' the second furrow is kept in the line of 
vision. This order is reversed if we see the segmenting egg from the 
vegetative polo. According to Conklin (1897) and others, the segment¬ 
ing egg can be easily and rightly orientated, even in its later stages, 
by keeping this early position and condition of the polar-furrows in 
mind. 



Text-hg. 1. KurJy cleavage stages up to the formation of the Idastula : X 200 
tt. Fertilised ovum as se.m from the animal pole : X 200. 

b. 2-oell stage, r. -4-cell Hinge, <1. 8-cell stage, e. 12-eell stage. /. 10-eell stage. 
(j. 32-cell stage. //. 48-cell stage, i. Surface view of a fully dmelopecl hla.stula as seen 
from the animal pole: x200. 
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At this stage again, a quadrilateral cavity makes its appearance in the 
centre of the egg where the four blastomeres meet, and, after reaching 
its maximum size, suddenly disappears just before the formation of 
the third cleavage, in exactly the same manner as in the preceding stage. 
Tt reappears again after the next cleavage is completed and disappears 
after a short pause, to repeat the process in the following cleavages. 
It is the rudiment of the cleavage-cavity, and has been rightly described 
by Kofoid (1805) as “an ephemeral recurrent cleavage-cavity \ 

The third cleavage or I he furination of the. first quartette of micromeres. 

Unlike the first two. the third cleavage-furrow, formed after an 
interval of 1 to 1-1 hours, is equatorial in direction and lies more towards 
the animal pole. Jt cuts off four small protoplasmic micromeres from 
the four large macromeres in which the yolk-material is now concentrated, 
thus giving rise to the 8-cell stage (Text-fig. hi). The four micromeres. 
designated as a , h. c and d, form the first quartette 1 of micromeres or 
the eetoblast. The spiral cleavage is more pronounced at this stage 
and the actual rotation of the cells, la , //>, /c and Id, towards the right 
side can be easily seen ; this cleavage is deuiotropie in contrast to the 
preceding lacvotropic one. The micromeres rotating approximately 
ihrough 45° come to lie finally on the furrows between the macromeres. 
After tlie rotation, the micromeres draw together, get pressed against 
one another and lose their spherical shape. A “ secondary ” polar 
furrow is formed in the centre where the cells meet. A central cleavage- 
cavity also makes its appearance at this stage but after attaining its 
maximum size disappears before the commencement of the next cleav¬ 
age. 

The formation of the second quartette of micromeres. 

The next cleavage results in the formation of a 12-cell stage (Text- 
fig. le). The four micromeres of the second quartette are cut off from 
the macromeres ; these micromeres, 2a, 21), 2c and 2d, are smaller than 
the macromeres 2A-21), but are distinctly larger than the micromeres 
of the first quartette (la-ld). The 12-cell stage is not a “transitory” 
stage, but a “ resting stage ” in PHa. After the cleavage is completed 
the blastomeres draw together and give the segmenting egg a spherical 
form. An “ ephemeral recurrent ” cleavage-cavity again makes its 
appearance to disappear again at the time of the next cleavage. 

The division of the first quartette of micromeres. 

After a pause of about half an hour the cells of the first quartette 
(Ja-ld) divide unequally into double their number. This cleavage is 
again anti-clockwise or laevotropic. The daughter-cells which are cut 

1 The term ‘ quartette ’ is used to designate the products of one * generation * of 
the egg, which aie cut off at the animal pole from the four cells lying below. The sub¬ 
divisions of these quartettes will he described as “tiers”—those which are cut off 
towards the animal pole form the ‘ upper tier \ while those towards the vegetative pole 
form the 4 lower tier 

Similarly, the quartettes of the different ‘ generations ’ are designate by 
co-efficients (la. 2a. 3a, etc.), while the geneology of tho cells of each quartette ia indi¬ 
cated by exponents (7a 1 , to 2 , la 11 , /a- 1 , 7a 111 , 7a ,la , 7a* 11 , la 21 -, etc.). 
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off towards the animal pole form the “ upper tier ” of micromeres, 
namely, 7a 1 , lb 1 , led hi 1 and are pushed towards the periphery. Conklin 
(1897) calls these peripheral cells ( la 2 -ld 2 ) “the turret-cells”. Thus 
a 1 fi>-cell stage is reached (Text-fig. I/). 

The formation of the third i/uurtetie of micromeres. 

The formation of the third and last quartette of micromeres (3a-3d) 
occurs almost simultaneously with the first division of tin? second 
quartette of micromeres, with the result that a 24 cell stage is obtained. 
At first, four micromeres (3a-3d) are separated off from the macromores 
(3 A-3D) in a dexiotropio direction, and this is immediately followed 
by tho dexiotropio division of the micromeres of the second quartette 
(2a-2d), so that a 20-cell resting stage never results, and we get directly 
to the 21-cell resting stage. The micromeres of the third generation 
are fairly large but are smaller than the maeromeres, and are distin¬ 
guished from the hitter by tleur clear protoplasm. At this stage the 
first quartette consists of 8 cells in two tiers : (1) the upper tier (la 1 -Id 1 ) 
in the centre looking more or less like a cross; and (2) the lower tier 
(la 2 -Id 2 ) (turret-cells or troehoblasts) lying in the angles of the arms of 
the cross of the upper tier. The second quartette of micromeres also 
consists of 8 cells (2ad-2d x and 2a 2 -2d 1 ). Beneath these lie tlie* cells of the 
third quartette which are only 4 in number, and lit; in the furrows of the 
four maeromeres still laden with yolk and forming the vegetative pole of 
the embryo. A cleavage-cavity now appears which, unlike tin* preceding 
ones, does not disappear but. persists throughout the later stages, and 
forms the cleavage-cavity of the blastula. 

These three quartettes represent the ectoderm and mark tin* com 
plete separation of the ectoderm from the midoderm and mesoderm, 
both of which are represented by the four maeromeres. 

In the 32-, IS- and 67-cell stages (Text-tigs. 1 //, h) as in the earlier 
ones the cells of the segmenting egg come together after tin* completion 
of the divisions, and get pressed against one another so that the egg 
assumes a spherical shape and the outlines of the cells are lost, making 
it difficult to count their number. In these stages, neither sections of 
embryos nor whole mounts show any indication of the differentiation 
of the primary mesoderm cell which has been traced in many (Jastro- 
poda to the 24-cell stage, as in Crcpiduht, Planorbis, and others. The 
earliest trace of the mesoderm in Pita,, as in Patudina, appears much 
later, viz., in the gastrula stage. 

The micro- and maeromeres increase in number and the cleavage- 
cavity expands till a blastula with a distinctly large blastocoele is formed. 
A fully developed blastula. (Text dig. I/) is a spherical structure, about 
0*1(3 nun. in diameter, with the micromeres at the animal pole and the 
maeromeres at the vegetative pole. A blastula is formed in about. 1!) 
to 21 hours after the eggs are laid. 

i have not been able to ascertain with certainty whether the albumen 
is deposited first in the micromeres or in the maeromeres, or simultane¬ 
ously in both. I observed it only at a stage when it was already present 
in all the blastomeres. After the gastrula stage, however, the albumen 
is absorbed by the endodermal cells alone. 
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Discussion . 

Tho study of the cleavage in Pila shows that it resembles other Gastro¬ 
pods in which the eggs do not contain a large amount of yolk, as in 
Awpnllaria canalicvlata (Scott. 19*14). The spiral cleavage in Pila at 
the 4-cell stage is characteristic of all Gastropods. Again, in the direc¬ 
tion of its polar furrow, Pila resembles all other de.xtral Gastropoda 
such as C re pul u! a (Gonklin, 1897) and Umbrella (Heymons, 189.4). In 
sinistra I Gastropoda such as PUtnorbis (Habl, 1879 ; Holmes. 1900) 
and Plrifsa (Crampton. 1894 ; Wicrzcjski. 1905) the direction of the polar 
furrow is the reverse. 

In most Gastropods the blastomeres up to the I-cell stage are, as in 
Pila, nearly of equal size, and inequality first becomes evident in subse¬ 
quent cleavage stages. In Aplffsia and Aerea. however, the blastomeres 
are unequal already in the 4-cell stage. 

Among Gastropods the amount of yolk seems to play an important 
role in regard to the relative size of the micro- and maeromeres. The 
greater tho amount of yolk in t he egg. tin* smaller are the mit*come.res 
in relation to the maeromeres, and this relation is maintained in the 
later stages of cleavage. In eggs with 1 it11* \olk this difference is ill- 
marked, and later all the blastomeres apparently become equal in size. 

In Pila nlobosa the mien.meres of the flrd quartette (3a-3<l) are dis¬ 
tinctly smaller than the maeiomeres, th-Migh the difference is not 
considerable. 

L agree with Delsmans view (1914) that the diameter of the eggs 
is no measure for gauging the amount of food-yolk present in them. 
He has shown that though in J.iltonna nbfasata the egg is 200 \i in dia¬ 
meter as cojnpared with 112 p in ('tennlula fonneafa (Gonklin, 1897), 
the inequality of cleavage, is much more marked in the latter than in the 
former, as shown by the. micro-and maeromeres of the ord quartette. 
In Pila (jli'bosa the egg-diameter is 1 GO p. ve* then* is great inequality 
in the size of the micro-and maeromeres. though this is not so pronounc¬ 
ed as in ('rrpiifuln. 


The clracaye-cartfif. 

The cleavage cavity first appears as a. small lenticular cavity in the 
2-cell stage at tin* region where the two blastomeres meet ; after attain¬ 
ing its maximum size, it suddenly disappears, the blastomeres get close.lv 
pressed against each other and are ready for the next cleavage. It 
reappears in the 4-cell stage as a central quadrilateral cavity formed 
at the meeting-place of the inner ends of the four blastomeres. The 
cavity gradually enlarges till the blastomeres get flattened along their 
inner surfaces and give the segmenting egg a spherical shape just before 
the third cleavage. Now the cavity disappears to appear again at the 
8-cell stage. This process of appearance and disappearance continues 
till the 24-cell stage is reached, when the cavity no longer disappears 
but persists, and gradually enlarges till it assumes a considerable size 
within the fully developed blast ula. In its early stages the cleavage - 
cavity lies more towards tho animal pole of the developing egg. 
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V. Gastrulation. 

The fully developed blastula becomes flattened at its thickened 
vegetative pole. The rnacromeres at this thickened region become 
elongated and extend into the segmentation-cavity. Gradually a 
depression appears at this thickened region, the depression being deeper 
towards the centre than towards the periphery. As development pro¬ 
ceeds the depression deepens, thereby pushing the elongated cells of the 
flattened region deeper into the segmentation-cavity and leading to 
the invagination of all the rnacromeres at the vegetative pole to form 
t he future endoderm. Thus arises the gastrula (Text-figs. 2a, h) and 
the place of invagination forms the blastopore. Gastrulation in Pita 
is, therefore, embolic. The edge of the blastopore marks the boundary 
between the micromeres (ectoderm) and the yolk-laden rnacromeres 
(endoderm). The endoderm cells, in addition to their huger size, can 
be easily distinguished from the ectoderm cells in taking a lighter stain 
because of the presence of yolk within them. 



Tk\t-kic. 2. (Gastrulation. 

a. Horizontal section of an early gastrula: x 2S0. 

h. Optical horizontal section of an older gastrula: x lST. 

Unlike some other Gastropoda such as PahaHna. tie* segment at ion- 
cavity in Pila is never obliterated completely at gastrulation. but is 
merely minced and later again enlarges. 

When invagination is complete, it is seen that the invaginated 
endoderm or archenteron is enclosed on two sides by tin* two arms 
of the mesodermal bands which, though separate from each other ante¬ 
riorly. converge posteriorly at their place of origin from the mesodermal 
teloblasts. 

In the early stages of invagination the gastrula appears more or less 
kidney-shaped in a lateral view. On further growth, however, it 
reassumes the spherical shape of the blastula. The blastopore is large 
in its earlier stages, but becomes smaller and smaller until finally it 
becomes greatly reduced. 

The lumen of the archenteron is not simple, but right from the time 
of the invagination the endodermal wall becomes folded and the archen- 
teric cavity gives rise to either two or more accessory chambers of 
different sizes and shapes. These chambers communicate with the 
central cavity of the archenteron through narrow or wide passages. 
Thus, in some eases one gets the impression that the accessory chambers 
are evaginations from the main central lumen of the archenteron. These 
eviHjinations simulate archenteric patches which are liable to be mistaken 
for coelomic •pouches. The infoldings of the archenteric wall provide 
a large surface evidently for the assimilation of the ingested albumen. 
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VI. The Trochophork. 

As the gastrula assumes its final, more or less boll-shaped. form, 
the blastopore becomes narrowed to such an extent that it is difficult 
to locate it in sections which are even slightly oblique. In the living 
condition, the presence of yolk within the endodenn cells renders the 
gastrula quite opaque and yellow, so that the blastopore cannot be seen. 
The invagina ted archenteron becomes more or less flask-shaped- the 
part around the blastopore is narrow, while that at the opposite end 
is broad and has a wider lumen. The part of the embryo away from 
the blastoporal end is the anterior one while the blastoporal end forms 
the posterior end. The blind end of the archenteron widens out and. 
consequently, the cleavage cavity becomes reduced in that part of the 
embryo, while in its posterior part, it remains quite spacious. A further 
differentiation takes place in the embryo at this stage : an equatorial 
band of two rows of cells, situated more towards the anterior end than 
in the middle, becomes differentiated by an increase in size of these cells 
and encircles the embryo. As development proceeds, the cells of this 
band grow in size and become fairly prominent. Vacuoles appear 
within the^e cells giving the latter a more or less transparent appearance. 
Later, fine cilia develop on these cells and the ciliated band forms the 
velum ; and thus the embryo passes into the trochophorc stage. At 
this stage neither the rudiment of the stomodaeum nor that of the foot 
has differentiated. The blastopore, however, persists as a narrow 
aperture and forms the anus, while the mouth is a new formation. At 
the posterior end, on that side of the embryo which in later stages 
becomes the dorsal side, a flattening of the ectodermal wall takes place ; 
this marks the area, where, after a short time, the thickened rudiment 
of the shell-gland makes its appearance. 

VII. The Development of the Mesoderm (Text-fius. 3t-c). 

The Development . 

The earliest stage examined by me regarding the origin of the meso¬ 
derm is an early gastrula as shown in text-fig. 3a. Here the mesoderm 
is represented by two large bilaterally arranged cells, the mesodermal 
teloblasts. These two cells, which lie side by side, are slightly larger 
than the endoderm cells and have distinct and large nuclei. They lie 
close to and immediately posterior to the position of the blastopore. 
From their position, structure and size 1 conclude that they (teloblasts) 
are derivatives of one of the posterior maeromcres. The mother meso¬ 
derm cell presumably migrates inwards and comes to lie within the 
segmentation-eavitv where, in the stage available to me, that- cell has 
already divided into two. 1 

As development proceeds these two teloblasts divide in such a manner 
that the daughter cells lie on the right and left sides of the median axis 
passing through the blastopore. They thus form paired hands, each 

1 Unfortunately all the well-fixed embryos l have sectioned represent stages later 
than the stage in which the primary or mothor mesoderm cell might be seen either 
migrating into the HCgmentation-cavity (after its abstraction from one of the macro- 
meres) or lying free within the cavity after migration. 
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consisting of a row of cells in single file. These are the mosoblastie bands. 
At first each band consists of a few cells only, but as development pro- 



Trcvr-Fhj . I)r\cinpiiient of tho mcsoUcnn. 

a . Hnri/oiitMl suction of an early grnstrnla, passing (ho two primary inrsn* 

ilrrm rolls or teloblastn : '*'201; b. Oblbpie horizontal section of an omhryo slightly 

older than in («), passing through (ho blastoporo and showing the mcsoblastic hand 
oil the? right side: X 2f>(> ; r. Horizontal section of a gastrula, showing tho mcsoblastic 
hands in t ho form of a. si ngle row of colls: x 2f>f»; d. Horizontal section of a ga st.ru hv 
older than in (r), showing tin? thickening of the mcsohlastic hands, 't'lie primary telo- 
hlasts are still distinct and are distinguishable. 1>> their large size: x 2f>0 ; c. Horizontal 
section of an embryo about the tmehophore stage, showing the differentiation and detach¬ 
ment of the Hpindlo-Hhapcil mesenchyme cells from the mesoblastio bands : X 2()8. 


coeds, the bands increase in length and in the number of their constituent 
cells. The growth of each band proceeds towards the anterior end of the 
embryo. In early stages the primary t.eloblasts, from which the bands 
are formed, remain quite distinct and are larger than the rest of the meso¬ 
dermal cells in the bands, and they remain at the posterior end of the 
embryo ; but in later stages the tcloblasts cannot be distinguished from 
the other cells of the mesoderm bands. The cells of the mesoblastic 
bands can be easily differentiated from the endoderm cells : firstly, by 
their more or less cubical shape and smaller size as compared with the 
rounded or oblong shape and larger size of the endoderm cells, and second¬ 
ly, by their taking a deeper stain than the endoderm cells, because of the 
absence of yolk and other fatty substances in the contents of their 
cytoplasm. 



A. R. Ranjaii : Embryology of Pila globosa. 


231 


As development proceeds the mesodermal hands become thickened 
by an increase in the number of their cells. The shape of the mesodermal 
cells also undergoes a change ; they gradually lose their cubical form and 
become stellate in appearance. 

With further development the mesodermal cells at the anterior ends 
of the bands become detached and come to lie scattered within the seg¬ 
mentation-cavity as spindle-shaped mesenchyme cells. 

Disrvssiott . 

The origin of the mesoderm in Pila is teloblastic, thus resembling 
the condition most commonly met with in a large majority of Gastropods 
in particular, and in the Molluscs in general. In all those cases where 
particular attention has been paid to the study of cell-lineage, it has been 
found that the mother mesoderm cell can bo traced to one of the posterior 
macromeres, namely 31) the left posterior one in doxtral and the right 
posterior one in sinistral forms ((.Tampion. 1890). 

A comparative stmlv of the earlier accounts of the origin of mesoderm 
in Gastropoda shows that besides the abovementioned teloblastic type, 
two other types have been described, viz., ectodermal and enteroooelic. 

f 11 the lirst type, the mesoderm is said to arise directly from the ecto¬ 
derm, as in Fastis (Bobretzky, 1877), Vonmius (ftalensky. 1885), and 
Pabulum (Tdnnigcs, 189(3; Dautert, 1929). According to Tdnniges 
(189b) and Otto and Tdnnigcs (1905) the mesoderm in Pabulum originates 
bv a wandering in of the ectodermal cells into the segmentation-cavity 
from the place where the blastopore has closes!. Mac Bride (1914) 
denies the accuracy of Tonnigess conclusions. Dautert (1929), 
while confirming the ectodermal origin of the mesoderm, holds that 
the mesoderm originates anteriorly from the ectodermal wall just below 
the velum and not in the region of the blastopore. 

The second or enterococlie type of mesoderm formation has so far 
been described only in Pabulum (Krlanger, 1891 ; Fernando, 1951) 
which was the form also studied by Tdnniges. Krlanger (1891) found 
that at first a \ (Ultra 1 pouch-like nutpushing of the archenteric wall 
takes place close to the blastoporal end. which, on further development, 
expands laterally into a bilobed outgrowth which later becomes com¬ 
pletely detached from the archeideron. This closed bilobed outgrowth 
represents, according to him, the primary cnelomic sacs, the cells of the 
walls of which break up in later stages to wander into the segmentation- 
cavity as mesenchyme cells. It was this description of mesoderm 
formation in Pabulum which later led to the investigations of Tdnniges 
(1890), Otto and Tdnniges (1905) and Dautert (1929) who contradicted 
Krlanger’s statement and expounded, instead, the abovementioned 
ectodermal origin of the mesoderm. Fernando (1931) recently has 
confirmed Krlanger'\s view. He, however, points out that different 
fixatives lead to different results: thus. Kleincnberg's fixative (which 
Dautert employed in his investigations) “ produces a general loosening 
of the cells ” and ‘‘ in fact if all the material had been fixed in Kleiuen- 
berg’s alone, there is little doubt that the result of present investigations 
would have been to confirm Dautort's view ”. 
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In the present investigation I tried different fixatives like formalin, 
Flemming’s chromo-osmic, Perenyi’s fluid, Gilson and Pctrunkcwitsch’s 
mixtures and Kleinenberg’s fixative, and found that the different fixa¬ 
tives do act differently on the various germ-layers. I obtained satis¬ 
factory results with Kieinenberg's piero-sulphuric fluid, and found that 
no loosening of cells occurred with this fixative and that the mesoderm 
could be well differentiated from the other germ-layers. On the other 
hand, fixatives like (bison’s mixture. Flemming's fluid and others led 
to a loosening of the cells, with the result that the mesoderm was not 
well differentiated in its earlier stages of formation. Tin’s difficulty in the 
differentiation of the mesoderm, in fact, misled me, and I at first mistook 
the pouches formed by the infolding of the archenteric walls (described 
in section V) as the coelomic pouches described by Fr Linger and bv 
Fernando in Valudina . 

VIJJ. Th 10 General Outline ok Development Beyond the Troujio- 

i’Uore Staoe. 

lief ore describing the development of the various organ-systems, if 
will be useful to give a general outline of the development, which can 
roughly be divided into 12 stages. 

Sloffe l (Text lig. 4</). 

The embryo at this stage is about ‘5(> hours old and about 0*1 !)2 mm. 
in length. It is more or less pear-shaped in outline, slightly elongated 
an ter o-posteriorly, the anterior end being spherical while the posterior 
end is tapering and conical. It is bilaterally symmetrical both exter¬ 
nally as well as internally. Fxternallv, the embryo is characterised by 
the presence of the velum, the foot rudiment, and the shell gland. The 
velum runs as a transverse ciliated band and delimits the pre-oral 
(cephalic or velar) area, from the post-oral part of the embryo. The cells 
forming the velum are large, and in the living condition exhibit a. glassy 
transparency on account of the hyaline character of their cytoplasm. 

The foot rudiment is a conical outpushing of the mid-ventral area just 
behind the velum. 

On the aboral (dorsal) surface of the embryo, the ectoderm cells 
behind the velum become columnar and form a circular plate which 
appears darker in colour on account of the thickly granular character of 
its cells. It is the rudiment, of the shell gland, and is thickest in tin* 
middle. 

The archenteron occupies a considerable spa.ee within the embryo 
but no differentiation of regions Inis so far taken pla.ee in it. Its anterior 
spherical end is much broader than the posterior one. which is narrow 
and forms a straight tube opening to the exterior through the anus 
formed by the blastopore (Text-fig. fiu). This narrow tube is the rudi¬ 
ment of the intestine. The cells lining the archenteron are full of yolk 
and thus impart a yellow colour to the embryo. 

The ectodermal cells on the ventral surface lying immediately behind 
the velum multiply rapidly to form a thick plate which sinks below the 
surface and is pushed inwards. This invagination between the velum 
and the foot is the rudiment of the stomodaeum. 
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The mesenchyme cells (Text-fig. 6a) are stellate and lie scattered in 
the body-cavity between the ectoderm and the endoderm, which ia 
more extensive in the posterior half of the embryo than in the anterior. 

Hinge 2 (Text-fig. 46). 

The embryo at this stage is about 40 to 45 hours old, and is 0*1208 mm. 
in length. There is no marked change from Stage l in the general 
shape of the embryo, except that the foot-rudiment lias become more 
prominent, although there is as yet no line of demarcation between the 
foot and the rest of the body either at the anterior end of the foot or 
along its lateral borders. In fact the walls of the foot pass imperceptibly 
into those of the head-vesicle (the part of the embryo above as well as 
anterior to the foot). 1 At the posterior end of the foot, however, there 
appears a slight depression which, together with the shell-gland on the 
dorsal side, marks off the posterior part of the embryo, the rudiment of 
the visceral-sac. On the ventral surface the velum forms an arched 
lobe just above the stomodaeal opening, thus giving rise to two velar 
lobes, one on either side of the stomodaeal opening. 

The stomodaeum has become deeply invaginated but has not yet 
opened into the anterior end of the arehenteron or primitive stomach 
(Text-fig. 66). 

A few large, glassy and transparent cells are visible at the extreme 
anterior end of the dorsal surface just in front of the velar cells : these 
constitute the apical cell-plate. A few ectodermal cells at the ventral 
conical end of the foot become large in size and develop cilia ; Conklin 
(1897) observed these cells in Crepidula , and finding their close resem¬ 
blance with the cells of the apical cell-plate called them the ,k pedal cell- 
•platc ”—the name adopted by me. Similarly, another group of large, 
transparent ciliated cells with yellowish nuclei appears at the postcro- 
ventral end around the anus. This may be called the anal cdl-plat(\ 

Haddnn (1882) writes “ hi all the Gastropods l have examined, I have found 
a patch of cilia either around the anus or at that spot where the anus will appear Jtabl 
(1879) and Meisenheimor (1898) make no mention of these cells in Plano this and Limas, 
respectively. Casteel (1904) observed two such colls in very early stages in Fiona and 
compared them with the anal colls of other Molluscs. Wiorzcjski (1905) observed them 
in Phyna, while Dolsman (1914) has described their origin in Littorina. 

At the anterior end of the embryo, the ectoderm cells, lying between 
the median apical cell-plate and the velar lobe on either side, become 
thickened to form two plate-like structures, one on each side, from which, 
at a later stage, arise the rudiments of the cerebral ganglia, the tentacles 
and the eyes. The protoplasm of these cells is thickly granulated and 
can thus be easily distinguished from the surrounding ectoderm cells. 
These two ectoderm plates correspond to what has been described as tho 
“ Sehritc!piaffe bv Meisenheimcr (1898) in Li mar, Wierzejski (1905) 
in Physa , and others, and as “ Sinnesplafte ” by Schmidt (1891). 

In the posterior region of the embryo, just beneath the anterior part 
of the intestine are found two compact masses of mesenchyme cells, 


1 Both the head-vesicle and tho foot merge into each other in Pila globosa, as is the 
case in Littorina and Paludina in which these regions together have been named as the 
“ Kopffuss ** (head-foot) by Delsman (1914) and Anderson (1924), a name which 
holds good for theso regions in Pila globosa . 


Ji 
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one on either side : these are the right and left rudiments of the peri¬ 
cardium, in each of which a lumen appears as growth proceeds (Text- 
fig. 16a). 

Immediately beneath these pericardial rudiments, the mid-ventral 
ectodermal body-wall becomes invaginated into a small depression : 
this is the rudiment of the mantle-cavity. 

Stage 3 . 

This stage is more or less of the same age and size as Stage 2, but 
the ureter rudiment has now appeared, and a few other changes have 
also taken place. 

The shell-gland has increased in dimensions and has invaginated. 
A transverse section through the visceral-sac, rudiment in the region of 
the shell-gland is Q-shaped (Text-fig. 166); the dorsal wall consists 
of tall columnar cells constituting the shell-gland, while the side-walls 
and floor are composed of small ectodermal cells. The “ Kopffuss ” 
(head-foot) 1 region is oval or egg-shaped, its dorso-ventral axis being 
longer than its transverse axis. 

The foot in a lateral view appears triangular with its apex directed 
downwards and a little backwards. It is broad and thick at its base but 



Text-fig. 4. Figures of wholo embryos, showing Stages 1-7. 
a. Right view of an embryo in Stage 1 : X 142 : b. Right view of an embryo in 
Stage 2 : X 148 ; c. Right view of an embiyo in Stage 4 : X 107 ; d . Right view of an 
embryo in Stage 5: X 83 ; e. Loft view of an embryo in Stage 5 : X 91 ; /. Right view 
of an ombryo in Stage 6 : X 88 ; g. Left view of an embryo in Stage 0 : X 88 ; h. Right 
view of an embryo in Stage 7 : X 78. 


*Both the head-vesicle and the foot merge into each othor in Pila globosa , as is the 
ease in Littorina and Paludina in which those regions together have been named as the 
‘ 4 Kopffuss M (head-foot) by Delsman (1914) and Anderson (1924), a name which 
holds good for these regions in Pila globosa. 
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tapers towards the apex. The pedal cell-plate now consists of two median 
longitudinal rows of cells (Text-fig. 15a) which extend along the whole 
of the anterior surface of the foot (Text-fig. 6c). 

The stomodaeum has opened into the archenteron (Text-fig. 6c). 

The right and left pericardial rudiments have grown towards each 
other but are still separated by a septum which is many cells in thickness. 
As development proceeds, they shift towards the right side of the intestine 
and the primitive stomach. 

The rudiments of the right and left kidneys have made their appear¬ 
ance, that of the right kidney being an evagination of the postero- 
ventral wall of the right pericardium, and that of the left being only a 
thickening of the left pericardium. 

The invagination of the mantle-cavity has deepened, and an evagina¬ 
tion taken place from its right inner surface—this is the rudiment of the 
ureter (Text-fig. 16/). Jt arises in such a manner that a demarcation 
between it and the mantle-cavity cannot be made out. It grows obliquely 
backwards and upwards as a tubular structure, to end blindly against 
the posterior end of the right kidney. 

Stage 4 (Text-fig. 4c). 

The embryo at this stage is about 52 to 56 hours old and about 
0-232 mm. in length. It has grown more in length than in breadth, the 
growth being more marked in the u Kopffuss ” (head-foot) region than in 
the region of the visceral-sac rudiment. 

The invagination of the shell-gland at this stage (Text-fig. M) is 
deeper at its anterior than at its posterior end where it is almost flush 
with the dorsal surface of the embryo. The walls on the sides of this 
invagination become raised to form a kind of rudimentary ridge round 
the shell-gland, (jailed the mantle ridge or mantle fold because the edge 
of the mantle is formed from it. 

The foot has become more prominent and tapers antero-posteriorly 
as in Stage 3. A transverse section passing through the middle of the 
foot is V-shaped, the two arms of the V representing the two lateral walls 
of the foot (Text-fig. 24c). The mesenchyme cells of the foot are more 
closely packed than they are at any other place in the embryo. The 
embryo at this stage begins to rotate (within the egg-shell) with the help 
of the cilia on the foot. 

The mouth is still situated ventrally. It faces downwards, and 
leads into the primitive stomach which is broad anteriorly but tapers 
posteriorly to the beginning of the intestine. The cells lining the primi¬ 
tive stomach become large and vacuolated and thus form the rudiment 
of the anterior lobe of the digestive gland (Text-fig. 6 d). The coelomie 
cavity between the primitive stomach (digestive-gland) and the body-wall 
(that is, in the cephalic or head-vesicle region) is small, but that between 
the intestine and the body-wall (that is, within the region of the visceral- 
sac rudiment) is large and contains the rudiments of the pericardium and 
the kidneys. The intestine, as a result of the shifting of the pericardial 
rudiments towards the right and their gradual increase in size, is pushed 
towards the left side of the embryo where it opens to the exterior through 
the annus which has also now shifted towards the left side and lies poste¬ 
riorly to the left of the invagination of the mantle-cavity. 



236 


Records of the Indian Museum. 


[Vol. XLTV, 


The mantle-cavity is now much larger and appears as a tubular struc¬ 
ture with its externa] opening in the mid-ventral line. The rudiment 
of the ureter ascends obliquely on the right side of the embryo and grows 
backwards and upwards tp open at the posterior end of the right 
kidney. 

Comparison of St ay*. 8 1.4 with those of Semper and others :—On comparing thcNC four 
stages with those described by Semper (1862) in AmpvUarin (Piln) polita , I find (from 
his diagrams in PI. 1), that Soinper could not quite correctly orientate the various 
rogions of the embryo. His mistake was probably due to the fact that he did not con¬ 
firm his observations with the help of soctions ; and since embry os arc almost opaquo on 
account of tho presence of a large amount of yolk, one is easily liable to make a mistake in 
their orientation. Taking, for instance, his fig. 6, PI. T, comparable to mv Stage 1, and 
l>earing in mind tho position h where according to Semper, the larval heart will develop, 
I think it would have been correct if a , r and d , instead of representing the foot, the head 
and tho posterior end, as Semper has shown, had denoted the posterior end, tho 
dorsal side and the foot respectively, a view confirmed bv the observations of Maria 
Scott (1034) on Ampvllaria canaUndata . As regards his fig. 8, PI. f, its orientation is 
correct, but Sdmpor could not distinguish the formation of tho shell-gland on the postero- 
dorsal surface of tho embryo at this stage. He observed it for tho first, time, as shown in 
his fig. 10, PI. T, e, at a much later stage, when the shell-gland area haH already shifted 
down towards the loft side. Fernando (1031) and Scott (1034) observed tho shell-gland 
formation in the earlier stages of Ampullar ia qiyas and A. ratudindafa respect holy, and 
confirm my observations. 

Tn Pda ylohosn the velum forms a continuous circular hand around tho cephalic 
(velar) area and it persists as such till a very late stage. According to Scott (1034), 
the volar cells cease half way along the body and the remaining velar cells protrude in 
the dorsal region, though they form a continuous band in tho earlier stages (see her 
figs. 9 and 13, PI. 11). Brooks and MoGlone (1908) described and sketched the velum as a 
complete hand oven at a sfago when the gill has started making its appearance (rf. their 
fig. 7, PI. I). 

Sfftffc 5 (Text-figs, id, c). 

The crnbvro at this stage is about 60 hours old and about 0*304 nun. 
in length. Its dorso-ventral axis is longer than the horizontal axis 
hi the “ J\opffuss ” region, but it is almost circular in section immediately 
behind the posterior region of the primitive stomach, as well as in the 
region covered by the anterior end of the shell-gland, that is. at the junc¬ 
tion of the “ Kopffuss ” arid the visceral-sac rudiment. 

The shell-gland has shifted from its original dorsal position to the 
left side of the enibrvo and forms a cup-shaped depression opening 
widely to the exterior. On account of the invagination growing deeper, 
the floor of the shell-gland comes to lie anteriorly almost against the 
postero-dorsal wall of the primitive stomach. 

The intestine at first leads straight backwards, but towards the pos¬ 
terior end it curves downwards and open's on the mid-ventral line pos¬ 
terior to and on the left of the outer opening of the mantle-cavity. 

The pericardium is now a single, fairly large, sac-like structure situated 
on the right side of the. junction of the primitive stomach and the intes¬ 
tine, the septum between the right and the left pericardial cavity having 
disappeared. 

With the shifting of the shell-gland to the left side, the opening 
of the mantle-cavity is shifted to the right of its former mid-ventral 
position. The rudiment of the right ureter has increased in length and 
leads backwards along the right side, and then upwards to open into the 
posterior end of the right kidney. This tubular rudiment which cannot 
yet be differentiated easily from the mantle-cavity, on account of the 
uniform character of the lumen in both, develops subsequently into the 
so-called anterior kidney (—ureter) of the adult. 
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The rudiment of the right kidney has already become a distinct 
structure and encloses a. cavity which communicates widely with the 



Text-fju. 5. Figures of whole embryos showing Stages 8-12. 

a. Right view of an embryo in Stage 8 : x(i4 ; b . Right view of an embryo in Stage 
10 : x. r )0 ; r. Left view of an embryo in Stage 10 : x06 ; d. Right view of an embryo 
in Stage 11 : X 52; e. Left view of an embryo in Stage 11 : X50; /. Left view of an 
embryo in Stage J2: X34. 


pericardial cavity from which it has evaluated. The kidney can be 
easily distinguished by its colour which is darker than that of the peri¬ 
cardium, and by the uniform thickness of its walls. 

Judging from Sempci’s figs. 0 and 10. PI. I, my Stage 5 is approximately the same 
as his ‘ third ’ stage ; while his orientation of fig. 10 is correct, jig. 9 is again wrongly 
orientated. In order that the figure be correctly orientated, letters, a , r and d should 
represent the posterior end, the dorsal side and the foot respectively of the embryo. 
Only in this way will it show proper resemblance to fig. 10 ; a would then represent 
tho buccal cavity, instead of an aperture related to respiratory organs 1 . Semper is 
wrong about the opening of the respiratory organs, as, in fact, the respiratory organs in 
Pita appear much later and there can be no aperture at this stage (rf. Brooks and Mc- 
Glone, 1908, Fernando, 1931, and Scott, 1934). 

Lp to this stage Semper does not make any mention of the formation of either the 
pericardium or the mantlo-cavity or the kidneys which, as is quite evident from my pre¬ 
ceding account, are already in an advanced stage of development. 


1 It was at this stago that Semper first noticed the appearance of the shell-gland, which 
had already shifted to the left side of the embryo. 
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Stage 6 (Text-figs. if, g). 

The embryo at this stage is about 62 to 68 hours old and 0*392 mm. 
in length. Considerable increase has taken place in the size of the 
embryo, specially in the region of the visceral-sac rudiment. The yellow 
colour of the embryo present in the preceding stages is now restricted to 
the alimentary canal, with the result that the embryo becomes slightly 
transparent. Growth has taken place chiefly in the dorso-ventral direc¬ 
tion, as can very well be seen by examining the embryo from the side. 
Dorso-ventrally the embryo is still broader in the anterior or u Kopffuss ” 
region than in the posterior or visceral-sac rudiment region. 

A transverse section passing through the “ Kopffuss ” shows that 
the convexity of the side walls has decreased and the part lying dorsal 
to the velum appears horse-shoe shaped, while the part below the velum 
gradually tapers downwards and inwards to meet at a conical point thus 
forming the V-shaped foot. A section passing immediately behind this 
region shows an oval outline, the rounded appearance of the preceding 
stage being lost. A transverse section passing through the middle of the 
visceral-sac rudiment shows a convexity of the body-wall on the right 
side, while there is a concavity on the left side due to the shell-gland 
invagination. 

So far, the longitudinal axis of the ‘ £ Kopffuss ” and the visceral-sac 
rudiment is in a straight line. 

The shell-gland develops a cuticle, the rudiment of the shell, sur¬ 
rounded by a raised ridge of the mantle-fold (Text-fig. if) occupying the 
greater part of the left surface of the visceral-sac rudiment. A deep 
groove, deeper anteriorly than posteriorly, runs all round the shell-gland 
just beneath the mantle-fold : this is the mantle groove. Though the 
extreme anterior end of the shell-gland is still deeply invaginated and lies 
against the postero-dorsal wall of the primitive stomach (Text-fig. 76), 
evagination has already set in a little behind it, and towards the posterior 
part of the shell-gland this eversion or evagination is complete, and a 
flat surface of uniform thickness is obtained extending right up to the 
posterior end of the embryo. 

The foot is now, for the first time, marked off anteriorly from the head- 
vesicle of the embryo. In a transverse section, the side-walls of the foot 
lying just beneath the velum are seen to be pressed inwards to become 
almost parallel to each other, after which they bend at an approximate 
angle of 45° and pass downwards and inwards to meet in the mid-ventral 
line. The anterior surface of the conical foot begins to flatten and marks 
the beginning of the formation of the flat creeping sole of the foot, the 
pedal cell-plate now forming a ridge on the mid-ventral surface of the 
foot. The sole is restricted to the anterior surface of the foot, the part 
lying behind appearing almost similar to that in the preceding stage. 

In the stomodaeum, just behind the mouth, the floor of the fore-gut 
sends out a ventral outpushing, the rudiment of the radular sac (Text- 
fig. 76), which marks the posterior boundary of the buccal cavity. The 
part of the gut between this ventral outpushing and the primitive stomach 
is the oesophagus. 

The primitive stomach (Text-fig. 76) has grown considerably in size 
and has a spacious lumen, so that the cavity lying between the primitive 
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stomach and the body-wall is very much reduced. This stomach is 
broad anteriorly but narrows gradually towards its posterior end, where 
it projects into the antero-ventral part of the visceral-sac rudiment, 
and bends slightly ventrally to open into the intestine. The cells of the 
wall of the primitive stomach (the rudiment of the digestive-gland) 
have grown much longer in size and have also become more vacuolated. 

The darkly staining postero-ventral part of the primitive stomach 
which now lies within the visceral-sac rudiment and appears cone-like 
in a lateral view, becomes differentiated from the rest of the primitive 
stomach ; this is the first appearance of the true or adult stomach which 
lies towards the right ventro-lateral side, in transverse (Text-fig. 156) 
and sagittal sections (Text-fig. 76), its wall is seen to be composed of 
regularly arranged, thickly granular, columnar cells. 

The intestine leads backwards and, after making a sharp bend down¬ 
wards of about 90°, opens to the exterior on the mid-ventral line (Text- 
fig. 76), a little behind and to the left of the external opening of the 
mantle-cavity (Text-figs, if g). The anus is situated at the anterior 
end of a group of large ciliated cells (anal cell-plate) which extends right 
up to the posterior end of the embryo. 

The thin-walled, sac-like pericardium, which is elongated dorso- 
ventrally, is situated midway on t he right side of the embryo, lying antero 
dorsally to the junction of the intestine and the primitive stomach (Text- 
fig. if). Anteriorly it occupies nearly tin* whole of the space between 
the primitive-stomach and the bodv-wall. The heart, which is quite 
prominent at this stage, is situated in the pericardium near its postero- 
dorsal wall. 

The mantle-cavity is marked off internally from the ureter by the 
appearance of a constriction in its inner wall. 

The right kidney still occupies a postero-ventral position and, there¬ 
fore, the reno-pericardial aperture (i.c., the aperture through which the 
kidney and the pericardium communicate with each other) is also ventral 
in position. 

At tin’s stage a part of the integument lying between the foot and 
the anus just below the intestine, with its underlying mesenchyme cells, 
begins to pulsate. This is the embryonic or larval heart. 1 But whether 
it is at this stage that the larval heart pulsates for the first time or whether 
it w r as pulsating earlier 1 cannot definitely say, as the enrlier stages are 
opaque and make observation difficult. 


Stage 7 (Text-fig. 46). 

The embryo at this stage is about 72 to 78 hours old and about 0*616 
mm. in length. It is of a dull white colour and more or less transparent, 
so that the outlines of the various organs can be clearly seen. The 
rudiment of the visceral-sac has grown more in length and height than 
any other part of the embryo. The rotation of the organs towards 
the right side seen in the earlier stages as having brought about the 

1 Semper (1862) and Scott (1934) observed it in a stage almost the same as that of 
mine (Text-figs. 4/, g), as is shown in figs. 12 and 13, PI. II of the former author, and 
fig. 17, PI. Ill of the latter. 
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asymmetry of the embryo, become** well-marked now. The rotation 
being from left to right, Pila exhibits dextral torsion. 



Text-fio. (5. Sections of embryos in Stages 1-4, showing early stages in the develop¬ 
ment of the archenterio folds, the pericardial rudiment, the stomodaeum and the shell- 
gland. 

a . Sagittal section <>t an eiubr\o in Stage 1, passing through the uuu* and shelving 
the arehenterie folds : x 332 ; b. Sagittal seetion of an en.bi>o in Stage 2, passing 
through the rudiment of the mantle-cavity and the inner end of the right pericardial 
rudiment: x24(>; c. Sagittal section of an embrye in Stage 3, showing the opening 
of the stomodaeum into the primitive stomach : \ 240 ; d. Sagittal section of an embryo 
in Stngu 4, passing through the inwiginated shell-gland : \204. 


The shell-gland at its anterior end is now almost completely flattened 
out and the shell cuticle forms a thin membrane over it. On account 
of the transparency of the embryo, the pulsations of the definitive heart 
are seen for the first time. These pulsations, unlike the irregular beats 
of the larval heart, are rhythmical. The foot begins to show movements, 
which are well marked towards its posterior end. When a contraction 
occurs, the posterior part of the foot is pulled upwards and almost 
touches the antero-ventral surface of the visceral-sac rudiment. 

The radular sac has become well-m'arked. The anus no longer lies 
on the mid-ventral line but has shifted to the right, although it- still 
maintains its original relation to the opening of the mantle-cavity, 
and lies behind and to the left of the external opening of the mantle- 
cavity. 

The pericardium now comes to lie dorsally to the intestine, and 
the pulsating heart lies within it. If the embryo is taken out of the 
egg-shell, separated from the surrounding albumen and placed in normal 
saline solution, the pulsations can be seen for a few minutes, after which 
the rate of pulsation gradually decreases till it finally ceases. 

The opening of the mantle-cavity has, as a result of further torsion, 
been displaced upwards and comes to lie near the middle of the right 
side. 
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The right- kidney, though retaining its (Connection with the peri¬ 
cardium through the postero-ventral reno-pericardial aperture, begins 
to shift towards the dorsal side (Text-fig. 8a). 

Stage 8 (Text-fig. 5 a). 

The embryo at this stage is about ‘U days old and 0*73(» mm. in length. 
The, dextral torsion has become st ill more prominent, the left, postero- 
ventral part of the visceral-sac rudiment having rotated towards the. 
right and showing a tendency to grow upwards and forwards. The 
visceral-sac rudiment, as a whole, has grown as large as the Kopffuss '* 
and appears now as a saucer-shaped structure with a shallow depression 
on its right side. Its longitudinal axis, as a result of torsion, lies at an 
angle of about 4f>° to that of the “ Kopffuss *\ On its dorsal side, just 
behind the velar cells, appears a depression which marks the anterior 
boundary of the visceral-sac. In a lateral view the embryo looks like 
two incomplete spheres joined end to end. The visceral-sac rudiment 
gradually diminishes in thickness antero-posteriorly. On examining a 
series of transverse sections of the visceral-sac rudiment from the anterior 
to the posterior end, it is observed that in the region of the stomach 
the body-wall of the right side bulges outwards, while it curves in dor- 
sally in front of the pericardium. The left body-wall, however, is almost 
flat, consisting of the shell-gland bounded by the mantle folds. A trans¬ 
verse section passing through the pericardium shows that the flattened 
part of the shell-gland has started bulging out. and that the part of the 
embryo lying dorsallv to the pericardium is laterally compressed and is 
narrower than the ventral part. It is the rudiment of the mantle. 
The bulging on the left side, where the cells of the shell-gland have 
flattened, lies against the posterior region of the stomach and is the 
rudiment of the visceral hump. The peripheral part of the everted shell- 
gland represents the shell-gland of the adult. The shell-gland is still 
circular in outline and covers the entire left side of the visceral-sac. 

In sections, as well as in whole mounts (Text-fig. £w), the foot is seen 
to have developed ventrally a flat, creeping sole, broader anteriorly than 
posteriorly. Anteriorly, the lateral walls of the foot run parallel to each 
other and at right angles to the flat sole, and the foot is marked off from 
the head-vesicle as its anterior wall forms a curve backwards and down¬ 
wards to continue into its ventral wall. At about its middle, the side 
walls of the foot still imperceptibly merge into those of the head-vesicle. 
The height of the foot is greatest about the middle of its length but dimi¬ 
nishes anteriorly. Viewed from the ventral side, the anterior border of 
the foot appears rounded while the lateral walls look curved slightly 
inwards. The postero-dorsal wall of the foot forms an acute angle with 
the longitudinal axis of the embryo. 

The radular sac evagination of the floor of the fore-gut has sunk deep, 
and is directed downwards and backwards. The stomach no longer lies 
in the mid-ventral line but has shifted towards the left side, and it is here 
that the rudiment of the visceral hump lies against it. The part of the 
primitive stomach from which the adult stomach differentiates moves to 
the right-dorsal side, but the two remain communicating widely with 
each other. The bulging on the right side lies opposite to it. The 
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intestine has elongated considerably and runs backwards and down¬ 
wards and then bends forwards to open on the right aide almost in the 
same vertical plane as that of the external opening of the mantle-cavity, 
but slightly ventral to it. The anus which lies at the anterior end of the 
anal cell-plate is placed to the right of the dorso-ventral axis of the 
visceral-sac rudiment (Text-fig. 23a). 

The mesenchymatous tissue within the body is very much concen¬ 
trated in the foot. 

The pericardium now lies completely on the dorsal side of the gastro¬ 
intestinal junction. 

The tubular mantle-cavity is constricted off from the ureter, which 
runs postero-dorsally along the body-wall of the right side of the embryo, 
and then bends forwards to open into the kidney. 

The kidney lies against the posterior wall of the pericardium and is 
now directed dorsally. 

A depression appears on either side of the body-wall, posteriorly to 
the velum at about the middle length of the “ Kopffuss ”, where the 
foot merges into the liead-vesicle. This is the rudiment of the statocyst. 

A part of the right wall of the visceral-sac rudiment situated dorsally 
to the level of the pericardium becomes thickened to form a common 
ridge-like area from which the rudiments of the gill, the osphradium, 
and the lung arc formed (Text-figs. 5a and 23a). 


Stage 9 (Text-fig 8ft). 

The embryo at this stage is about 1 days old and 0*750 mm. in length. 
The shell-gland, along with the shell cuticle, has increased in size, and 
Ijas grown further towards the ventral side as a result of further torsion 
of the visceral-sac rudiment. The bulge of the rudimentary visceral 
hum}) has increased in size and now extends right up to the posterior end, 
the direction of the bulge being downwards and outwards. Similarly, 
the bulge on the right side lias also become well developed and has grown 
upwards in the posterior region behind the external opening of the 
mantle-cavity. The concavity of the visceral-sac on its right side has 
deepened posteriorly and appears bowl-shaped. The rudiments of the 
gill, the osphradium, and the lung are already formed from the thick¬ 
ened ridge-like area which bounds the concavity on the right side. Of 
these, the first two develop as outpushings, while the last forms as an 
inpushing between them. 

On the postero-dorsal surface of the foot, a thin cuticular membrane 
has already been secreted by the ectodermal cells of that region ; this 
forms the rudiment of the operculum. 

The postero-dorsal part of the primitive stomach lying opposite the 
adult stomach-rudiment grows dorso-laterally oil the right side, and forms 
the abovementioned bulge on that side. This outgrowth, which com¬ 
municates widely both with the anterior rudiment of the digestive-gland 
and the true stomach, is the second and posterior rudiment of the diges¬ 
tive-gland, which lies completely within the visceral-sac rudiment. 
Subsequently, it develops into the digestive-gland of the adult, the 
anterior rudiment having been absorbed at a later stage. 
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A part of the pericardium has already shifted downwards to the left 
side of the intestine. As the pericardium is thus displaced, the reno- 

d. gl. 




Tkxt-fiu. 7. Karlv development of the kidney, periearadium, ureter and radula mu*. 

a. Reconstruction of a few sagittal sections of the right side of an embryo in Stage* 
6, showing the opening of the right kidney into the pericardium and tin* ureter : x 195; 
b. Reconstruction of a few sections of the saint* embryo as in (a), showing the (pagina¬ 
tion of the radalar sac : x 195. 


pericardial aperture, which was ventral in position, now comes to lie in 
a postero-dorsal position. The kidney has grown in size and is now 
a sac-like structure situated posterior to. and a little to the right of 
the pericardium. 
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The mantle-cavity is now large awl spacious. 

The statocysts are now in the form of deep invaginations but still 
open to the exterior. 


Stage 7 0 (Text-figs, oh and 9). 

The embryo at this stage is about 4 A to 5 days old and 0*770 mm. 
in length. The torsion is complete. The postero-ventral part of the 
visceral-sac has moved on to the right side, and has come to lie upwards 
and forwards, its former longitudinal axis now lying nearly at right 
angles to that of the “ Kopffuss ” (cf. Text-figs. 19 a, h \ 21 d\ and 
24o). The visceral hump is now directed downwards, outwards and 
backwards. The concavity on its right side, seen facing outwards in 
the preceding stage, now lies on the dorsal side and faces antero-dorsally. 
The lower (ventral) part of the mantle fold, lying on the left side in the 
earlier stages, has now come to lie on the right, and is nearly at right 
angles to its former position (Text-figs. 21*7 and 24o). 

The foot has developed further ; in its anterior part the side walls 
have curved in towards each other to join below at the base of the head- 
vesicle (Text-fig. 24 j), which at its extreme antero-dorsal end is now 
developing into the characteristic head of the adult. The ventral surface 
of the foot is cjuite flat and the two longitudinal rows of cells of the pedal 
cell-plate are still present along the entire length of the foot. 

On each of the dorso-lateral walls of the oesophagus, opposite the 
opening of the radular sac, arises an outpushing ; these two outpushings 
are the rudiments of the salivary glands, and arise simultaneously with 
the oesophageal pouches, which are similar outpushings situated a little 
anteriorly. In the mid-gut, the second rudiment of the digestive-gland 
enlarges within the visceral-sac, so that the two appear as diagonally 
opposed bulgings. The intestine elongates as a result of torsion. Aris¬ 
ing from tlie left postero-dorsal side of the stomach, it runs downwards 
ami backwards and makes a curve to come forward and open anteriorly, 
for the first time, at the extreme right end into the mantle-cavity, at 
one end of the anal cell-plate. 

The deep and spacious mantle-cavity now occupies its final dorsal 
position (Text-fig. 2 Id). Posteriorly, by the upward and forward rotation 
of the postero-ventral part of the embryo, the right and left mantle 
lobes approach each other, at a later'stage, to meet in the centre and 
form the roof of the cavity. 

The ureter (or anterior kidney) has elongated a great deal, but still 
retains its simple tubular character. A part of it now conies to lie ante¬ 
riorly to the kidney, which in turn lies posteriorly to and to the right of 
the pericardium, and forms a wide chamber. The reno-pericardial 
aperture opens on the postero-dorsal wall of the pericardium which has 
also grown considerably in size. 

The statocysts no longer open to the exterior but form closed vesicles 
beneath the side walls of the foot, having shifted downwards and in¬ 
wards, away from their places of origin. They appear circular or oval 
in a lateral view of the embryo. 
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The rudiments of Hie "ill, the oaph radium and the lung are now well 
differentiated. I have been able to count rudiments of live to six gill- 



Tis vi’-kuj tS. Kmbryns in Stag's 7 and 9. 

a. Sagittal section passing through the right side of an embryo in Stage 7 : 131 ; 

it. Sagittal section of an embryo in Stage 9: a 114. 

filaments projecting into the mantle-cavity from the inner wall of the 
mantle on the left side (Text-fig. I9h). 

Fernando (1931) failed to observe the formation of the gill at this stage in Ampul- 
biria {Pila) fjifjas. Brooks and McGIono (1908) described tho gill in .(. drpnssa at a 
stage which can be roadily compared with my Stage 9 (see their fig. 7, PI. 1). If wo 
examine fig. 21, PI. Ill of Semper (1862) in ease of A. polibt , it will be noticed that his 
stage is just a little more advanced than iny Stage 10. He has shown the gill in an 
advanced state of development, in which the gill-fi laments have already dovelopod 
cavities within them (see his fig. 18). Scott (1934) mentions the formation of the gill 
at a stage (see her fig. 23, PI. V) corresponding to that of Semper (fig. 21, PI. til) in 
which the shell is still definitively loft in position and the lamellae of the gill are deve¬ 
loping towards tho posterior part of the visceral-sac, taking the form of folds on the wall 
of the mantle. On making these comparisons I believe that Fernando must have failed 
to observe the formation of tho gill in tho oarliest stages of its development. 
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t The “ head plates ” (—the “ Scheitelplatte ” of some of the German 
authors, and the “ Sinnesplatte ” of Schmidt), which lie within tho velar 
area and form the side walls of the anterior end of the head-vesicle (p. ), 

get flattened and lie parallel to each other (Text-figs. 24 j and 286). A 
depression appears in the middle of each plate, while its antero-dorsal 
region is pushed out as a small protuberance. These depressions arc the 
rudiments of the eyes, while the protuberances are the rudiments of the 
tentacles (Text-fig. 286), the two rudiments appearing simultaneously in 
Vila globosn . 

Sempor (1862) did not observe tho formation of cither the tentaelo, or the eyo, at 
this stage in A. polita. lie mentions their appearance at a much later stage (seo his 
figs. 24 and 25, PI. IV) when the embryo is about to hatch. He mentions that the rudi¬ 
ments of the eye and tentacle are absent at Stage 10. Moreover, ho describos the ap¬ 
pearance of tho eyes to be earlier than that of the tentaclos. Brooks and MeGlone 
(1908) do not make any mention of the appearanco of the eye or the tontaelo rudiments 
at the stage at which the gill appears. Fernando (10,‘H) has also made no mention of 
their formation. Scott ( 1954) describes tho formation of the tentacles at approximately 
the same stage* as mine. She makes no mention, however, of the eyes at this stage, but 
describes them at a later stage (r/. her fig. 24, FI. V). 

Stage 7/ (Text-figs. 5 d, c, and 10). 

The embryo at this stage is about to (U days old and 0-9G0 mm. in 
length, and looks perfectly snail-like in appearance. The visceral-sac 
has become dome-shaped as a result of rapid growth, and now lies much 
forwards, the apex of the dome being directed backwards and down¬ 
wards. The entire surface of the visceral-sac is covered over by the thin 
transparent shell which forms a cap over the dome. The thick mantle 
fold is strongly developed and is directed backwards, with the mantle 
groove running beneath it (Text-fig. 10). a transverse section of the 
visceral-sac passing through the anus and the osphradium shows that 
the Jorso-ventral axis of the embryo, in this region, is shorter than its 
horizontal axis; in other words, the breadth of the embryo, in this 
region, is greater than its height. This relation is reversed as we go 
towards the posterior end, i.e. s in the region of tho kidney. 

The postero-dorsal surface of the foot has become thickened and 
raised to form beneath the operculum a platform, the operculigcnous 
lobe. 

The radula begins to be differentiated within the radular sac, which 
has grown large in size and is directed downwards and backwards. A 
constriction appears at about the junction of the head-vesicle with the 
visceral-sac, due to the deepening of the mantle-cavity on the right side 
(Text-fig. 25e). The anterior part of the digestive-gland lying within 
the head-vesicle is still large, but hereafter it shows indications of diminu¬ 
tion in size. The oesophagus has grown in length and opens into the 
primitive stomach. The posterior part of the digestive-gland has grown 
in dimensions and occupies the greater part of ventral half of the visceral- 
sac. By a rapid growth and expansion of this posterior part, the rest of 
the organs are displaced towards the latero-dorsal side. The intestine, 
arising from the left postero-dorsal side of the stomach, extends back¬ 
wards and, bending round the posterior end of the digestive-gland, turns 
forwards to run obliquely upwards and opens anteriorly through the 
anus. The anus is now situated at the extreme right end of tho mantle 
cavity, lying posterb-ventrally to the anal cell-plate which is still present. 
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The pericardium, with the heart, occupies a very large space on the 
left side of the embryo, undiscovered by the epithelium of the visceral- 
sac which, in turn, is protected by the shell. 



line: v 114. 

The kidney has.also grown into a spacious chamber ; it is no longer a 
simple sac but has finger-like folds projecting into its cavity from its 
walls. It is situated posteriorly to and on the right side of the peri¬ 
cardium and can be readily recognised from the latter by its darker colour. 
The ureter (—anterior kidney) lies to the right of and dorsally to the 
kidney, while a part of it lies above the mantle-cavity on its extreme right. 
The dorsal wall of the ureter is already produced into folds. The kidney 
proper lies posteriorly to the ureter on its left side. 

The spacious mantle-cavity has already passed over to the left side 
of the embryo, and is bounded ventrally by the body-wall covering the 
stomach, digestive-gland, and the pericardium, while laterally as well as 
dorsally it is bounded by the thick mantle itself (Text-fig. 23c). The gill 
lies obliquely inside the mantle-cavity and extends from its left posterior 
end to its right anterior end. The osphradiura is seen suspended from 
the wall of the mantle towards the left anterior end of the mantle-cavity. 

The eyes now form closed vesicles, but no further differentiation of 
their parts has yet taken place. They lie on the outer side of the bases 
of the tentacles which form peg-like conical projections, broad at the 
base and tapering towards their distal end. They are directed outwards, 
forwards and upwards. The region of the head-vesicle lying between and 
anterior to the eyes and tentacles is distinctly marked off from t he region 
lying posteriorly to it. Jt has become broader but shorter in height, a. 
differentiation leading towards the formation of the head proper. 

Stage 12 (Text-figs. 5/ and II). 

The embryo in this stage is about 1\ to 8i days old and 1*36 mm. in 
length. The visceral-sac, covered all over by the shell, gradually travels 
forwards towards the anterior end, and encloses the head-vesicle of the 
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embryo. The mantle surrounds the head-vesicle like a cloak, and the 
shell follows the progress of the mantle and thus reaches its adult shape 
and position. On account of the deposition of lime salts, the shell loses 
its transparency and becomes gradually opaque. The visceral hump has 
gone through one complete spiral on the right side (dextral). A pair of 
cartilages have already formed anteriorly to the radular sac. 



Tkxt-mu. 10. Sagittal section i»f an piiiImvo in Stage II, parsing through tl.i* 
opening of the* ureter into the mantle cavity : • 124. 

The anterior lobe of the digestive-gland lying within the head-vesicle 
is now very much reduced and appears as a tubular structure at the 
anterior end of which opens the oesophagus (Text-fig. 11). As develop¬ 
ment “proceeds, this lobe of the digestive-gland is reduced still further, 
till it completely recedes from the head-vesicle. The posterior lobe of 
the digestive-gland, on the other hand, grows in size, becomes spherical 
and fills a very large part of the visceral-sac. 

The oesophagus is very much elongated and. on account of the 
complete recession of tlie anterior lobe of the digestive-gland, traverses 
the whole length of the head-vesicle to enter the left side of the stomach 
within the visceral-sac (Text-fig. 2 i\g), This can be easily understood 
by a comparison of Text-figs. 11 and 2tt//, h, <j. In Text-fig. 11 the 
anterior rudiment of the digestive-gland is present in the form of a tubular 
structure, but in Text-fig. 2(k/ it has completely disappeared to give place 
to the oesophagus. 

The operculum is now well formed and the columellar muscle is 
strongly developed (Text-fig. 11). The foot has now assumed its final 
shape. 

The eyes at this stage are well formed, each having developed a lens 
and a retina (Text-fig. 28c). They are raised on small elevations, the 
rudiments of the omniatophores. The tentacles have grown in length 
and, instead of being conical or peg-like, are now elongated and taper 
towards their apices and show their characteristic, movements. The 
head region has become further differentiated with the formation of the 
rudiment of the labial palps arising at the extreme anterior end of the 
head. 
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No new structures appear after this stage and the embryo now 
resembles the adult in all respects except in size. The apical cell-plate, 
the pedal cell-plate and the anal cell plate have all disappeared, and &o 
also has the velum. 

The shell has now all the characteristics of the adult shell and is of 
a dull yellowish colour. The outer wall of the mantle, lying a short 
distance behind the edge of the mantle has also become pigmented. 

The embryo is now capable of being fully retracted within the shell. 
The operculum can completely close the mouth of the shell holding the 
retracted animal. With further development, the shell, along with 
the visceral mass, develops a second whorl. The embryo, which is now a 
miniature of the adult, grows in size until it hatches out of the egg-shell 
to lead a free existence. 

IX.— The Development op the Organ-Systems. 

A. The Alimentary Canal. 

It has already been described in Section YIT that the alimentary 
canal is laid down in the gastrula as the archenteron, that the original 
blastopore forms the anus, and that the stomodaeum is a new ectodermal 
invagination. 

The further development of the alimentary canal may now be des¬ 
cribed. The canal consists of two parts, an ectodermal and an endoder- 
mal, which are described below: 

1. The ectodermal fore-gut or stomodaeum, consisting of the radular 
sac, the salivary glands, and the oesophageal pouches, are all 
differentiated from the stomodaeum. 

2. The endodermal part or mesenteron, which is itself further divi¬ 
sible into two parts : (i) the stomach with its associated digestive- 
gland and (ii) the intestine. 



Tbxt-fio 11 . Eoconstructjon of a few sagittal sections of an embryo in Stage 
12; X80. 
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The Stomodaeum. 

The rudiment of the stomodaeum is first recognised in an embryo 
slightly younger than Stage 1 (Text-fig. 4a). A few ectodermal cells 
of the body-wall, lying immediately behind and ventrally to the velum, 
become tall and columnar, and form a thick plate of cylindrical cells. 
They can also be distinguished from the adjacent epithelial cells by their 
larger size, and by their capacity to take up a deep stain. The cells of 
this plate divide rapidly and multiply and are pushed inwards to form 
the stomodaeal invagination (Text-fig. 4a). With further growth, this 
invagination deepens (Text-figs* 46 and 66) and grows inwards and poste¬ 
riorly to fuse with the anterior wall of the archenteron, and opens into 
the latter (c/. Stage 3, Text-fig. 6c). Thus, the digestive tract at this 
stage of development communicates with the outside at both ends, the 
anterior end forming the mouth and the posterior forming the anus 
(Text-fig. 4c), the whole of the rudimentary alimentary canal lying in 
the median plane of the embryo. The mouth is oval in form and faces 
downwards ; it leads into the stomodaeal invagination which bends 
slightly dorsalwards to open into the archenteron. The limits of the 
stomodaeum and the archenteron can be easily distinguished by their 
staining reactions, the yolky endoderm cells do not take as deep a stain 
as do the stomodaeal cells. Further, the stomodaeal cells are ciliated, the 
cilia helping to carry the albumen surrounding the embryo through the 
stomodaeum into the archenteric cavity. 

In the earlier stages, the stomodaeum opens into the ventral side 
(Text-fig. 6c) of the archenteron, but gradually this opening of the fore¬ 
gut first comes to lie at about the middle of the anterior surface of the 
prjmitive stomach (Text-fig. 4tf), and finally at its antero-dorsal end 
(Text-figs. 5a, 6, d). 

The stomodaeum, in its earliest stages, is a simple tubular st ructure 
consisting of -cells of equal size and similar shape (Text-fig. 66, c). But 
in about Stage 6 the cells of its floor, lying a little behind the triangular 
mouth (now facing forward), form a thick plate of tall cylindrical cells 
(Text-fig. 12a), and the lumen of the stomodaeum, in the region 
of this plate as well as anterior to it, grows wider than it is behind. I 
call this thickened ectodermal plate the rudiment of the radular sac 
(Text-fig. 12a), since it immediately precedes the radular sac depression, 
which forms at this place in the next stage (Text-figs. 4/, g, and 76). 
Just at this time a few scattered mesenchyme cells aggregate together 
to form a kind of “ string of beads ” all along the ventral surface of the 
stomodaeal wall, extending from the mouth to a little behind the radular 
sac thickening (Text-fig. 76). These cells form the early representatives 
of the radular cartilages and their muscles. 

The radular sac depression deepens and forms an evagination of the 
floor, directed downward and slightly backward (Text-fig. 76). This 
evagination divides the stomodaeum at this stage into two parts—the 
part lying anterior to it represents the buccal or pharyngeal region, 
while the posterior part forms the oesophagus. In its earlier stages, 
the lumen of this evagination (radular-sac rudiment), as seen in a lateral 
view, appears wider anteriorly, i.e., at the place of its opening into the 
buccal cavity, but narrower postero-ventrally, i.e., towards its blind end 
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(Text-figs. 46, h : and 7 It). As development proceeds, the sac grows 
deeper and its lumen widens, its opening into the buccal cavity being 
directed antero-dorsally (Text-fig. 126). The posterior wall of the 
radular sac is continuous with the ventral wall of the oesophagus which 
bends sharply upwards and then obliquely backwards to open into 
the primitive stomach. 

Along with the increase in length of the whole of the fore-gut. the 
radular sac also grows in size. In the roof of the fore-gut the outer 
parts of the cells become hyaline, while their inner ciliated halves retain 
their original character (Text-tig. tib). The cells forming the floor show 
no such change. The radular sac increases in length and curves back¬ 
wards in such a way that the posterior wall of the sac now becomes 
the roof while the anterior wall becomes the floor of the sac. There is 
also a dorso-ventral flattening beginning from the opening of the radular 
sac into the buccal cavity, which consequently becomes narrow (Text- 
figs. 5 a and Sb). The floor of the buccal cavity, lying immediately in 
front of the opening of the radular sac. becomes slightly raised upwards, 
and the mesenchyme cells (Text-figs, on and 86) beneath this raised 
epithelium increase in number and form a compact mass. This mass 
of cells, together with the raised buccal floor, form the beginning of 



Tk\t-khj. 12. Stages in the development of the radular sac uurl the salivary glnnOn. 

a. Sagittal section through the radular sac rudiment of an embryo in Stage 
S : ''390: b. Sagittal section passing through the radular sac of an embryo in Stage 

7 : y 390 ; (r). Sagittal section of an embryo in Stage 11, passing through the radular sao 
and the fore-gut; d. Trank verse section if the buccal cavity of an embryo in Stage 11, 
passing through t he opening of the salivary glands : x 22#, 
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the odontophoral mass or tongue-mass. Tliis compart mass of mesen¬ 
chyme cells gives rise to the so-called “ cartilages ” and their associated 
muscles. 

The dorso-ventral flattening of the radular sac continues except at 
its extreme posterior end, which becomes knob-like, giving the whole 
structure a dub-shaped appearance, the posterior end forming the knob, 
and the anterior part forming the body of the club (Text-fig. 9). Due 
to this flattening, the lumen of the sac in transverse sections loses its 
circular character and appears half-moon shaped (Text-fig. 24;). In 
the knob-like posterior end, however, the lumen remains wide. 

The odontophoral mass develops further, and a transverse section 
passing through this region shows that, on account of the growth of 
the odontophore into the floor of the buccal cavity, the latter now con¬ 
sists of two narrow laterally-compressed side-alleys with the odonto¬ 
phoral mass situated in the middle (Text-fig. 21;). Thus, while the 
buccal cavity in front of the odontophoral region lias a wide lumen, 
it forms two narrow chinks in the region of the odontophore, and then 
widens out into a triangular cavity just above the opening of the radular 
sac in front of the oesophagus (Text-fig. 25/). 

Vacuoles make their appearance in tho cells composing the dorso¬ 
lateral walls of the oesophagus, which is ciliated all along its length up to 
its opening into the primitive stomach. 

By the time torsion is complete (c/. Stage 10), the margins of the 
slit-like mouth have thickened to form “ secondary lips ” (Text-fig. 12c), 
and the buccal cavity has differentiated into an anterior vestibule and 
a posterior odontophoral region extending up u> the oesophagus. The 
vestibule is lined dorso-laterally with a single row of half-hyaline ciliated 
cells. The arched roof of the odontophore extending anteriorly makes 
an abrupt bend downwards to be continued into the floor of the vesti¬ 
bule. The.area where the downward bend occurs, forms the rudiment 
of the sub-radular organ. 

The dorso-lateral walls of the buccal cavity above the opening of 
the radular sac become glandular on each side—these glandular areas 
form the rudiments of the buccal glands (Text-tig. 12(/). At the middle 
of each gland the buccal wall forms an outpushing, the rudiment of the 
salivary gland. The openings of these glands into the buccal cavity 
lie a little anteriorly to the transverse plane of the eye-rudiments, as seen 
in Text-fig. 2 8b (Stage 10). The rudiments of the salivary glands 
develop into simple tubular glands extending posteriorly along the 
walls of the oesophagus. At the time of their first appearance, the 
openings of the glands into the buccal cavity arc wide, and remain so 
even when the glands become tubular. Text-lig. 12 d is an obliquely 
transverse section of a later stage (Stage 11) passing through the open¬ 
ings of the salivary glands into the buccal cavity. It also shows the 
rudiments of the buccal glands which are easily distinguished by their 
deeply staining capacity, and by the absence of cilia on their cells. 

By this time the radular sac has increased in size, and its proximal 
portion shows a curvature which can be well seon in Text-fig. 12c. 
Moreover, the anterior part of its roof (upper part of the posterior wall 
in Text-fig. 12c) shows a slight outpushing directed posteriorly—this 
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is the rudiment of the sub-oesophageal pouch ( cj . Limax, Meisenheimer, 
1898). Text-fig. 12c is a sagittal section of the anterior part of the 
stomodaeum showing the vestibule, the odontophore and the, radular sac 
along with the anterior part of the oesophagus. At this stage a thin 
transparent membrane is secreted by the basal epithelium which be¬ 
comes thicker posteriorly -this membrane is the rudiment ot the basal 
membrane. The cells which line the “ knob ’ of the radular sac are 
the odontoblasts or the tccth-secreting cells ol the radular sac. No 
teeth of the nulula are yet visible, but changes leading to iheir forma¬ 
tion have set in. The cells of roof of the radular sac increase in height. 
Their outer parts become hyaline and do not take up any stain, while 
their nuclei migrate inwards, i.c., towards the lumen ot the sac. In the 
region of the odontoblasts, the nuclei are seen at different levels in the 
cells, thus apparently imparting to the hitter a multi-nucleate appear¬ 
ance. But as has already been pointed out by Schnabel (1903) in the 
case of Paludina, Hi is is due to the apparent multiplicity ol layers and 
not to the multi-nucleate character of the cells. 

Text-tigs. 13a, 6, c are three transverse sections of the radular sac 
of slightly older embryos showing the development ol the different rows 



VT. 


Text-fig. 13. Stages in the development ot the radular teeth. 
a. Transverso section of the radular Mar of an embryo in Stage 11, Rowing the 
formation of the lateral pair of radular teeth : X 260 ; b. Transverse section of the r&du ar 
sac of an embryo in Stage 11, showing tho formation of the inner pair of the marginal 
row of radular tooth : X260; c. Transverse section of the radular sac of an embrvo in 
Stage 12, showing all the seven rows of radular teeth : x260 ; d. Sagittal section of the 
radular sac of an embryo in Stage 12 : x320; e. Sagittal section of the radular sac of 
a newly hatched embryo : X 136. 
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of radular teeth secreted by the activity of the odontoblasts. Just 
before the formation of these teeth the basal membrane forms small 
projection over which lies the chitin secreted by the odontoblasts. In 
Pifo , only seven teeth are laid in each transverse row, that is, two 
marginals and one lateral on each side of a median tooth (</. Paludina , 
Bloch, 189(5; and Schnabel, 1903). The rudiments oF the lateral pair 
of teeth are differentiated first (Text-tig. 13a), followed by those of the 
inner pair of marginals (Text-fig. 136). Those of the outer pair of 
marginals and the median tooth are differentiated last and arise almost 
simultaneously (Text-fig. 13c). 

As development proceeds, the buccal cavity in the region of the 
sub-rad ular organ gives off two out] msl lings directed vent rally, one on 
each side : these are the rudiments of the sub-lingual cavity and are 
lined with a row of non-ciliated cells. Text-fig. 28 f is a transverse sec¬ 
tion through the region of the sub-rad ular organ of an embryo belong¬ 
ing to Stage 12, and shows well developed sub-lingual cavities projecting 
as narrow chink-like prolongations of the buccal cavity. 

in this stage, as well as in later stages, the ciliated cells of the buccal 
cavity extending from tlie sub-radular organ to its posterior limit, look 
completely hyaline, only the chromatin of the nock i taking up the stain. 
Moreover, the cells are so arranged as to form a median groove running 
all along the roof of the buccal cavity up to its opening into the oeso¬ 
phagus (Text-figs. 2 fir/. c). By this time the rudiments of the so-called 
cartilages have appeared bv the modification of the closely packed 
mesenchyme, cells lying vent rally to the arched odontophore. Text- 
lig. II is a sagittal section of an embryo of Stage 12. and shows the 
dorso-ventrallv elongated cartilage of one side. I have not described 
I he further development of these, cartilages along with their muscles, 
as this has.alreadv been exhaustively dealt with by Delsman (1911) in 
JjiHurimi. Pi hi agrees with Lifforitta as regards the origin and develop¬ 
ment of these cartilages and their associated muscles. 

As development proceeds, all the structures described so far increase 
in size and become more defined. The jaw-rudiments make, their appear¬ 
ance at a comparatively late stage*, and lie dorso-laterally to the, sub- 
ladular organ, one on each side. 

In the case cf the. radular sac, the "roof epithelium loses its inner 
smooth surface on further growth, but forms cell-complexes instead, with 
nuclei lying at the inner ends of the cells which project in between tin* 
developing radular teeth on the opposite surface (Text-fig. 13c). Tin* 
basal membrane forms a thick layer and extends all along the inner 
surface of the basal epithelium, while the roof epithelium projects in 
the form of cell-groups or complexes into the spaces in between the 
teeth which now show a hooked appearance. The roof epithelium takes 
no part in the formation of the teeth. The sub-oesophageal pouch is 
well developed. Text-fig. 1 Ut is a sagittal section of the radular sac of 
a newly hatched embryo, and shows the odontoblasts retaining their 
original position at the blind end of the radular sac; the lumen of tin* 
radular sac persists and so does its communication with the buccal cavity, 
the lumen being wider, as in earlier stages, at the posterior end of the 
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radular sac than at its anterior. The radula appears as a long continu¬ 
ous ribbon passing over the odontophore and extending as far anteriorly 
the radular organ. The roof epithelium of the sac now completely 
fills in the interspaces between the teeth which are now completely 
developed and have assumed their adult form. By this time the muscula¬ 
ture of the buccal mass is also fully developed. 



Text-fig. 14. Development of the salivary glands. 

a. Transverse section of the salivary glands of an embryo in Stage II : ■ 244. 
h. Ti adverse section of the salivary glands of an embryo in Stage 12 : X244. 


The salivary glands increase in size and become enlarged at their 
posterior ends into sac-likc structures, while their anterior ends remain 
narrow and eventually form the ducts of these glands (Text-fig. 11). 
The glands are lined with a single layer of non-ciliated cubical cells with 
a rounded nucleus lying in the middle of each cell. Each nucleus has 
a distinct nucleolus in its centre which takes up a deeper stain than 
the chromatin of the nucleus itself. In the next stage of development, 
the sac-like portions of the salivary glands begin to branch. Tcxt- 
lig. I Ut represents a transverse section passing through these sac-likc 
portions, one on cither side of the now laterally compressed oesophagus. 
The gland on the right shows two rounded sacs, the lower being a branch 
of the upper original sac-. The left salivary gland shows the beginnings 
of a branch from the original sac. With further growth, these branches 
give out secondary branches, which in their turn branch again, so that 
by the time the embryo is ready to hatch, each salivary gland is com¬ 
posed of a large number of branching tubules extending in all directions 
(Text-tig. Mb). The salivary glands increase considerably in size and 
lie dorso-laterally on either side of the oesophagus. Each salivary gland 
has a common duct which runs anteriorly and then bends a little down¬ 
wards to open into the lateral side of the buccal cavity, almost in the 
middle of the buccal gland of each side. 

The oesophagus becomes considerably elongated (Stage 12) and runs 
backwards towards the visceral mass, opening at the anterior end of 
the primitive stomach now lined by the cells of the digestive-gland. 
This gland, though still lying in the head vesicle, is very much reduced 
in size (Text-fig. 11), as compared with its earlier condition (Text-figs. 9 
and 10). So far, the oesophagus has maintained its median position, 
but in stages subsequent to that shown in Text-fig. 11, in which the 
digestive-gland lies completely within the visceral mass, the oesophagus 
stretches throughout the length of the head-vesicle and deviates pos¬ 
teriorly from its median course towards the left (Text-fig. 26/), to open 
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into the stomach which is situated in the left ventral part of the visceral- 
sac. In these stages it is noticed that the oesophagus, after arising 
from the postero-dorsal end of the buccal cavity, runs obliquely down¬ 
wards to enter the visceral sac. The connection of the head-vesicle 
with the visceral-sac has, due to a constriction and deep indentation 
of the mantle-cavity on the right side of the embryo, become so narrow 
that only the oesophagus and the eolumellar muscle can pass through. 
The oesophagus lies to the left of this muscle. 

Discussion. -In some Gastropoda, e.g.. Littariiui (Delsnum, 1914), 
Limax (Meisenheimer, 1898), Physa (Wierzejski, 1895), etc., when the 
embryo is passing from the gastrula to the trochophore stage, the 
blastopore shifts anteriorly from its original position and comes to lie 
almost immediately behind the velum. But the blastopore remains open 
and gives rise directly to the mouth, while the anus is a new formation. 
In some other Gastropoda. e.g.. Patella , Bgthinia and Crenidula , the 
blastopore, having shifted anteriorly, closes up ; but, in spite of the 
closure, the stornodacal invagination is formed at this very place. 

In Pila , as in Paludina (Lankester, Erlanger, Fernando, etc.), on 
the other hand, the blastopore does not shift anteriorly but retains its 
original position ; there it remains open and forms the anus. In Pita, 
therefore, the mouth is a new formation quite independent/ of Hie blasto¬ 
pore. The position of the month, however, corresponds exactly to that 
of other Gastropoda, i.e.. the stomodaeal invagination is formed an¬ 
teriorly on the ventral surface immediately behind the velum. 

The buccal mass and the oesophagus, with all their accessory ap¬ 
paratus, i.e % , sub-lingual cavities, oesophageal pouches, raclular sac, and 
the salivary glands, which develop from the stomodaeum, are therefore 
ectodermal in origin. In Limax , however, Meisenheimer (1898) holds 
that the lloor of the oesophagus is partly ectodermal and partly endoder- 
mal; the roof is completely ectodermal, while the side-walls show 
a transition from one layer to the other. 

In all other Gastropods, e.gPaludina , Littorina. (Delsman, 1914), 
Physa (Wierzejski, 1905), Heteropoda (Fol, 1875) the entire fore-gut is 
ectodermal in origin. 

As regards the radular sac, its origin and formation, as an e vagina - 
tion from the floor of the stomodaeum, are similar to those of other 
Gastropods. In almost all Gastropoda this evagination occurs after the 
stomodaeum has opened into the primitive stomach. In Helix (Fol, 
1880), however, the rudiment of the radular sac appears even earlier 
than the joining of the stomodaeum with the archenterou. 

In Physa (Wierzejski, 1905) the radular sac arises as a pair of 
structures which unite later to form a single-chambered sac. In this 
respect Physa is unique, as in no other Gastropod so far investigated, 
has a double origin of the radular sac been observed, in Pil/j, the lumen 
of the radular sac does uot completely disappear, but remains in con¬ 
stant communication with the buccal cavity. Schnabel (1903) describes 
a similar condition in Paludina . But in the Pulmonata (e.g., Succinea , 
Helix , Planorbis) this lumen disappears at the time of teeth formation. 
The Pulmonata and the Opistliobranchs (Kossler, 1885) are further 
characterised by a fixed number of odbntoblaats, i.e., four to five. In 
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Pila, on the other hand, as in Paludina (Schnabel, 1908) and other Proso- 
branchs, and in TIeteropoda (Rossler, 1885), there is no fixed number 
of odontoblasts ; in fact, they are many, and they retain their terminal 
position to the last. 

In TAttorina, as in Turbo and Patella . the radulnr sac increases to 
such a length (l)elsman, 1914) that, finding no place to accommodate 
itself, it deviates from its middle course towards the right (while the 
oesophagus lies on its left), and makes a spiral with the club-shaped 
end lying in the centre of the spiral. 

The Mesentenm. 

H has already been described that the archenterou gives rise an¬ 
teriorly to the stomach and its digestive-gland and posteriorly to the 
intestine. I shall now first-describe the development of the stomach 
and the digestive-gland, and then of the intestine. 

The Stomach and the digestive-gland. 

The cells forming the wall of the archenterou are laden with yolk 
which imparts to them a yellow tinge and also docs not allow the cyto¬ 
plasm to take up a deep stain ; the nuclei, however, stain deeply. At 
an early stage, the boundary between the primitive stomach and the 
intestine cannot be easily made out and the two imperceptibly merge 
into each other, as all the cells are alike in size and shape (Texl-hgs. 6a, 
r). In the trochophore stage, just before the formation of the stomo- 
daeuni, however, the walls of the primitive stomach show internal 
folds (Text-figs. 6a and 15a). These folds arc of various sizes in the 
different embryos of the same stage, and project into the lumen of the 
primitive stomach ; that lumen is consequently greatly reduced. The 
wall of the primitive stomach thus provides an extensive surface for 
the absorption of the albuminous food. As development proceeds, the 
primitive stomach occupies greater and greater area within the 



Text-fig. 10. Development of the arehenteric folds and the adult sioiuacli. 

a. Transverse section through the “ Kopffuss ” region of embryo in Stage a, 
showing the arehenteric folds within the primitive stomach: X390 * b. Tranbverse 
section of an embryo in Stage 0, showing the differentiation of the adult stomach : x 22b. 
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“ Kopffuss " region by the extension of its lumen, while the folds gra¬ 
dually dwindle away antero-poMeriorly. The growth of the primitive 
stomach is due not so much to the multiplication of its cells as to the 
increase in their size. 

As a result of the absorption and deposition of the ingested albumen, 
food-vacuoles appear at the inner ends of the large columnar cells of 
the primitive stomach. The vacuoles are very small to begin with, 

but gradually increase in size along with the growth in size of the cells : 

consequently, the nuclei are displaced from their middle position and 
arc pushed to the outside where they come to lie at odd places. This 
indicates the first appearance of the digestive-gland 1 . The cells remain 
columnar and cylindrical but reach an enormous size. All the cells of 

the primitive stomach, become differentiated except at two places 

approximately opposite to each other. At these two places, the cells 
remain small and undifferentiated. The transition from undifferen¬ 
tiated cubical cells to the large vacuolated cells is gradual. In a whole 
embryo the two places appear as two clear zones or streaks amongst 
the hypertrophied cells of the digestive-gland rudiment. One of these 
streaks begins on the dorsal side at the junction of the oesophagus and 
the primitive stomach, and runs posteriorly, in an oblique direction, 
to a point where the intestine leaves the primitive stomach, keeping 
all along towards the right of the median line. The second streak lies 
imbedded in the left ventral part of the digestive-gland and leads pos¬ 
teriorly. The. position of this streak is not constant but changes at 
different stages of development. In its earlier stages it is seen on the 
right of the median line (Text-fig. 156), whence it changes in later stages 
# to a mid-ventral position and finally comes to lie on the left wall of the 
primitive stomach. These clear streaks are the rudiments of tin* 
alimentary canal proper while the vacuolated lateral walls represent the 
digestive-gland. The ventral streak leads straight into the floor of the 
adult stomach (when formed), while the dorsal streak joins its roof 
' (Stage (>). 

•Semper (1802) describes only our such streak in .1 ////mllanu jwlifo at a much later 
.Uagc { rf. his fig. 15), which corresponds to the dorsal streak of Pilu. Semper regards 
this streak as an independent structure which is only embedded within the wall of the 
digestive-gland, hut I regard both the streaks as more undifferentiated regions in the. 
wall of the gland. Describing the appearance of the liver rudiment (digestive-gland), 
ho says that it is hollow and the ea\ity is mostly full of bile-secretion, lie apparently 
mistook the ingested albumen for Idle-secretinif. ■ Scott (1931) also mentions only one 
streak in Ampnlluria nonilirttlafn. I am of the opinion that if these workers had cut 
sections of the embryos they would have, seen tho second streak of clear zone on the 
floor of the digestive-gland almost concealed by tiic large vacuolated colls. 

The cells lining the posterior part of the floor of the primitive 
stomach on the right of the mid-ventral line, can be distinguished from 
the adjacent highly vacuolated cells ; they are small and columnar, 
with a granular cytoplasm and a centrally situated nucleus (Text- 
lig. lfw/). These cells represent the true stomach. The lumen of the 
primitive stomach enlarges to such an extent in the anterior part of 

'This gland has been described as ‘‘liver" or has been given other equivalent 
names (<’.</., Leber, foie, etc.). But as Pelsenoor (1905) and Prashad (1925) point out. 
tho name “liver” is quite unsuitable, “for the gland combines the functions of the 
various digestive glands of tho vertebrates and is, in addition, the chief organ for the 
absorption of the digested food ”, 
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the head-vesicle, that the dorsal wall of the latter becomes very much 
arched with a sharp anterior declivity in the region of the fore-gut, 
and a posterior gradual slope, where the stomach enters the visceral- 
sac rudiment (Text-fig. 5 d). 

With further growth the stomach first shifts completely to the mid- 
ventral line, but later comes to occupy its adult left-ventral position 
and lies completely within the visceral-sac (Text-figs. 9 ; 24 n : and 25//). 

After the true stomach comes to lie within the visceral-sac, the 
posterior rudiment of the digestive-gland lying dorsally to it (Text- 
fig. 24n) increases in size and extends posteriorly beyond the stomach 
up to the posterior end of the embryo. It thus forms a large sac-like 
structure with its lumen full of albumen (Text-figs. 10; 11 : and 2(5//, 
b). As development proceeds, tin* digestive-gland follows the course 
of the visceral-sac which, on account of the lateral torsion round a hori¬ 
zontal axis, passes from right to left, so as to produce an endogastrio 
spiral—a characteristic of the visceral-sac of most Gastropoda. 

With further development, while the posterior lobe of the digestive- 
gland shows a considerable increase in size and tills almost eompletelv 
the cavity of the visceral-sac, displacing the other organs dorsally, the 
anterior lobe is reduced in size (Stage 12 : Text-fig. 11). 

By this time the cavity of the digestive-gland is almost completely 
filled up with the ingested albumen which is completely absorbed by 
the time the embryo hatches. As there is no more space available for 
t he digestivc-glancl to expand, lobes develop on its inner surface which 
increase in number and completely obliterate the lumen. Thus the 
lobed character of the gland, consisting of long follicles characteristic of 
adult Pila, is obtained. 

Precious irurl • and discussion. Thus, in Pila. the adult stomach 
arises from the light side of tlm floor of the posterior end of the stomach. 
In Hythiuia (Brlanger. 1892) the stomach is differentiated at the pos- 
tcro-dorsal part of the cndodermal sac. In Littoriaa also, the posterior 
part forms the stomach. In Puludimt (Biitschli, 1877 : and others), 
on the other hand, it is the dorsal and the anterior part of the primitive 
stomach which gives rbe to the adult stomach. 

On comparing the origin of the digestive-gland in Pila with that 
of other Gastropoda, we find that then* is a great variation, apparently 
due to the different positions of the areas of storage of the nutritive 
material within the endoderm. 

in Paludina (Brlanger, 1891 ; Drummond 19().*> ; and Otto and 
Tonniges, 1905), the liver *' (digestive-gland) arises as a single rudi¬ 
ment from the floor of the endodermal sac, the cells of which increase 
in size and become vacuolated. The dorsal anterior part follows suit, 
but it is always on the ventral side that there is greater accumulation of 
nutritive substances and consequent formation of the “ liver ’'rudiment. 

In Bylhinia (Brlanger, 1892), the “ liver ” arises in the form of 
two outgrowths - an anterior, which is larger, wider and dorsal in posi¬ 
tion ; and a posterior which is smaller and ventral in position. 

In LiUoritm (Delsman, 1914), the “liver' 1 arises as an impaired 
structure from the left wall of the eiidodenual sac, and is directed dor¬ 
sally, But it is divided later into two lobes of unequal size ; the larger 
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one lies anteriorly to the stomach, while the posterior one, which is 
smaller, lies to the right of the stomach. 

In Planorhis (Rabl, 1879) and other Pulmonates (Fol, 1880 ; Jour- 
dain, 1884), the “ liver ” arises from the antero-dorsal vacuolated part 
of the endoderma! sac. the stomach originating from the posterior part. 
These rudiments of the liver and stomach later become separated by 
the appearance of a partition between them. In Limax (Meisenheimer, 
1898), the “ liver " arises as two rudiments, the anterior left, and the pos¬ 
terior right, arising chiefly from the anterior part of the primitive 
stomach. Only the left rudiment, which consists of two parts, forms 
the “ liver ” of the adult. 


The Intestine. 

To begin with, the cells lining the intestine are of the same shape 
and size as those of the primitive stomach (Text-figs, iia-d). In later 
stages, however, while the cells of the primitive stomach become large 
and vacuolated and give rise to the rudiments of the digestive-gland, 
those of the intestine become columnar and thickly granulated, and 
remain non-vacuolated, and thus the boundary between the two struc¬ 
tures can he easily made out (Text-fig. 76). In the earliest stages the 
intestine possesses a broader lumen anteriorly near its junction with 
the primitive stomach than it does posteriorly (Text-figs. Oa-d) ; in 
later stages, however, tliero is a uniform rounded lumen along its entire 
length (Text-fig. 76). 

In its earliest stages, when the embryo is bilaterally symmetrical, 
’the intestine runs a straight median course extending from the posterior 
end of the primitive stomach to the anus (Text-fig. 6a). But later, 
it is displaced out of its median course and is pushed towards the left 
(Stage 4 ; Text-fig. 166). At a- still later stage, as a result of torsion, 
a ventral flexure appears in the intestine (Stage 5) and it elongates 
and becomes displaced towards the right side (Stage 7). By the time 
torsion is complete (Stage 10), the intestine arises from the left postero- 
dorsal side of the stomach and courses round the hinder end of the 
digestive-gland towards the right ; it then turns upwards and reaches 
the anterior face of the visceral-sac to open into the mantle-cavity 
through the anus. 

The blastopore persists and forms the anus, there being no trace 
of a proctodaeum. 

Previous worlc and discussion: - Semper (1862) and Scott (1934) do 
not make any mention of the persistence of the blastopore and the 
formation of the anus in Ampulla rio polita and A . canaliculata . But 
from Semper’s description it appears that the rudiment of the intestine 
arises from the primitive stomach to open out through the anus (his 
fig. 7, PI. 1). Similarly, according to Fernando’s description of a stage 
in Pila gigas where he says it is a troehophore in which the intes¬ 
tine has not yet opened to the outside ”, it appears that the blastopore 
does not persist to form the anus, but that the latter is a new forma¬ 
tion. The failure of Semper and of Scott to notice the opening of the 
intestine to the outside was due to the fact that they worked on whole 
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embryos, which are full of yolk and consequently opaque at this stage, 
and it is almost impossible to observe internal structures correctly. The 
only explanation for Fcrnan.w’* mistake can be that his sections were 
probably not properly orientaled or that Fernando might have out sec¬ 
tions more than 4 p, thick, in whl h case there is every possibility of his 
having missed the anal opening. These suppositions are strengthened by 
the fact that Fernando, in his fig. 1, PI. I, shows the shell-gland as 7 to 
8 cells thick, while in reality at this stage it consists of a single layer 
of cells. It can only appear manv-layered if the sections are oblique. 

Paludina (Erlanger, 1891 ; Fernando, 1931) resembles Pila in the 
fact that the blastopore persists and forms the anus, and there is no 
trace of an ectodermal invagination. 

In the majority of Gastropoda, the intestine arises as a posterior 
prolongation of the endodermal “ primitive stomach ”, which later 
meets with the ectoderm of the body-wall, and, breaking through it, 
opens to the outside through the anus. Thus it is held that a very 
small proctodaeum is formed. 

In Lymvam (Lankester, 1874) a “ pedicle of invagination ” is formed 
where the blastopore closes “ which grows up against the primitive 
alimentary cavity and finally unites with it”. 

In Phnwrhis (Habl, 1879), Umbrella (Heymons, 1893), and Physa 
(W ier/ejski. 1905), the intestine originates as a solid band of cells, in 
which a lumen is formed later, in Physa, towards the posterior end 
of this band, two large ectodermal cells appear in the body-wall of the 
embryo ; here a shallow ectodermal invagination occurs, but it does 
not give rise to any part of the actual or true intestine. 

In Li max (Meisenhcimer, 1898), the entire intestine right up to its 
opening into the stomach is ectodermal in origin. According to him, 
the ectodermal invagination is formed with a very narrow lumen. In 
later stages, the lumen becomes rounded and the invagination becomes 
cut off from the outer ectoderm and fuses with the eiuloderm so that 
it can easily be mistaken for an evagination from the latter. Later it 
elongates and opens again to the outside through the anus which is 
thus a secondary formation. This point, in my opinion, needs 
confirmation. 


B. The Differentiation of the Common Rudiment of the Kidney , the 
Pericardium, the Heart and the Gonad . 

The appearance of two small compact masses of mesenchyme 
cells at the postero-ventral part of the embryo has already been des¬ 
cribed in Stage 2 above. These cell-masses are formed below the level 
of the intestine, one on either side by the aggregation of mesenchyme 
cells (Text-fig. 66). They are irregular in shape and of unequal size, 
the right mass being larger than the left. 

Soon a small cavity appears in the cell-mass of the right side ; it is 
immediately followed by the formation of a similar cavity in the left 
one. Each cavity is formed by the separation of mesenchyme cells 
from one another in the centre of each cell-mass, but is not delimited 
by a regular epithelium. The two cavities, like the cell-masses, are 
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unequal in size, the right cavity being always larger than the left (Text- 
fig. 16a). These two cell-masses with their cavities form the rudiments 
of the pericardium. 

As development proceeds, the pericardial rudiments increase in size 
and move towards each other and meet beneath the intestine, the cavity 
of the right pericardial rudiment still remaining larger than that of the 
left. The growth of the two rudiments occurs in such a manner that, 
while the cavity on the right side develops in all directions, the left 
cavity develops more towards the median plane. Although the two 
rudiments lie against each other, their cavities are separated by a 
septum many cells in thickness. 

With further development, the two pericardial rudiments shift from 
their ventral position to the right side of the intestine. On account 
of greater increase in the size of the right cavity, its wall becomes 
thinned to a single layer of cells. (Gradually, the other cavity also 



Tkxt-fh:. 1(>. Early stages in the differentiation of tlu* rudiment of I he kidneys, 
the pericardium, the heart and the gonad. 

a. Transverse section ot an embryo in Stage 2, passing through the right and left 
pericardial rudiments and the invagination of the mantle-cavity rudiment: > 320 ; b. 
Transverse section of an embryo in Stage I, parsing through the rudiment of the left 
kidney and the septum between the two pericardial rudiments: X 320; r. Sagittnl 
section passing through the right pericardium, showing the formation of the right kidney 
rudiment: x304; <(. Sagittal section passing through the pericardium, and showing 
the differentiation of the heart rudiment: x292; r. Transverse section of the embryo 
in Stage 3, passing through the mantle-cavity rudiment: v204; /. Transverse section 
of an embryo in Stage 4, showing *he evagination of the right ureterfrom the man tie - 
cavity : x 252 ; a. Transverse section of an embryo in Stage 5, passing through the 
gonad and the left kidney rudiment: ;< 204 . 




1942.] 


A. R. Ranjah : Embryology o/*Pila globosa. 




become bounded by a single Inver of cells. The two cavities are still 
separated from each other by the sept-uni which has now become thin 
and consists of one or two layers of cells. It is from these two mesen- 
chymatous rudiments of the pericardium that the kidneys, the peri¬ 
cardium. the heart and the pounds arise. 

Discussion : Fernando’s (1931) observations regarding the forma¬ 
tion of the mesenehymatous rudiments of tlie pericardium in Piht yiyas 
differ in some details from those of mine. According to him, tin* left 
pericardial rudiment is formed later when the rudiment of the right 
pericardium. leaving its ventral position. '* has come to lie on the right 
of the intestine, and the cells are so arranged as to enclose a lumen — 
I lie right pericardium “. It is at this stage that the left pericardial 
rudiment is formed as “ a very small cavity \ I think Fernando 
failed to observe the formation of the left pericardial rudiment when 
it still lies vent rally to the intestine as a solid compact mass like that 
of the right pericardial rudiment, as is generally the ease in all Gastro¬ 
pods which have paired rudiments of the pericardium, as in Paludinn 
and P/n/sa . Again, though the left pericardial rudiment arises, accord¬ 
ing to Fernando’s description, as well as his fig. 2, PI. 1, later than that 
of the right pericardium, and its lumen is also much smaller than that 
of the latter. Vet in his tig. I, PI. 1, Fernando has shown the left peri¬ 
cardium to be almost as large as the right one, which can only happen 
if it shows a quicker and stronger development than that of the right 
pericardium. But this is contrary to the actual facts, since the lumen 
of the right pericardium, besides appearing earlier than that of the 
left pericardium, as Fernando himself points out, remains much largei 
than that of the left. Another difference consists in regard to the 
positions of the two pericardial rudiments in relation to each other. 
As seen in tig. 4, PI. 1, of Fernando, the rudiment of the left parieardium 
lies between the rudiment of the right pericardium and the intestine, 
while according to my observations, at a stage corresponding to the 
one represented by fig. 1. PI. 1. of Fernando, the rudiment of the left 
pericardium, though it has shifted to the right of the intestine, vet 
lies vent rally to the right pericardium but closely applied to it (Text- 
fig. 166). 1 cut horizontal sections also of such a stage and they con¬ 

firmed my observations. My observations are in complete agreement 
with those of Erlanger (1891), Drummond (1903), and Otto and Ton- 
niges (1905) in Palndina (— Viviparus ). Hence 1 consider that the 
observations of Fernando in Piln yiyax require revision. 

The kidneys. 

The. rudiments of the kidneys ftiake their appearance at a stage 
when the rudiments of the right and left pericardium, separated from 
each other bv a median septum, still lie below the level of the intestine 
(Stage 3). A thickening appears at the postero-ventral end of the 
right pericardium (Text-fig. 16c), which is followed immediately by the 
formation of another but smaller thickening in the wall of the corres¬ 
ponding region of the left pericardium. These two thickenings are the 
rudiments of the right and left kidneys respectively. With further 
development an evagination takes place in the right kidney rudiment 
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which deepens and gives it a more or less vesicular appearance (Text- 
fig. 16(7). Meanwhile the left kidney rudiment continues as a mere 
thickening (Text-fig. 16c). The right kidney rudiment is distinguished 
by the thickly granulated character of its cells which, by this time, 
assume a columnar shape and form a regular epithelium for the kidney. 

While the right kidney rudiment has developed into an open vesicle 
lined by a regular epithelium, another structure, which comes into 
relation with it later, makes its appearance ; it is the rudiment of the 
ureter (^anterior kidney). The rudiment of the mantle-cavity (Stage 1) 
grows deeper and acquires a lumen (Text-fig. 16c), and from its inner 
right end a tubular evagination arises towards the right side (Text- 
fig. 16&)- this is the rudiment of the ureter. While keeping towards 
the right side within the visceral-sac rudiment, it grows posteriorly and 
ascends obliquely upwards and comes to lie against the posterior end 
of the open vesicular rudiment of the right kidney into which it finally 
opens. 

The rudiment of the left kidney still persists as a thickening, its 
cavity and evagination appearing much later ; there is no trace yet of 
the rudiment of the ureter of the left side. 

In Pila the rudiments of both the kidneys, that is, the right and 
the left, are laid in the earliest stages of development and are meso¬ 
dermal in origin, while the ureter is ectodermal. 

Discussion .'-- Semper (1862) makes no mention of the right and left 
rudiments, but from his description it is evident that he describes only 



Tbxt-fio. 17. Stages in the development of the kidneys and the ureter. 


a. Oblique sagittal section of the embryo ir_ Stage 4, showing the opening of the 
right kidney into the ureter : X31£ ; b. Sagittal section of the embryo in Stage b, show¬ 
ing the wide lumen of the right ureter: Xl76; c. Sagittal section of the embryo in 
Stage 6, passing through the reno-pericardinl aperture: X 176 ; d. Sagittal section of 
the embryo in Stage 6, showing the relation of the mantle-cavity with the pericardium 
and the right kidney: x!80; e. Sagittal section, showing the bending forward of the 
ureter to meet the kidney : x 180. 
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the origin of the functional left kidney ( — morphologically right). Ac¬ 
cording to him, the cells which form the rudiment of the kidney <k arise 
by transformation directly out of the epidermis cells”, i.r\, they are 
ectodermal in origin. But the stage at which he observed this rudi¬ 
ment of the kidnev as well as the position of these cells in his fi<'. 21 
PI. III. at once make it clear that Semper was unable to observe or 
locate the origin and the formation of the kidney in Antpullaria polita. 

Fernando’s description of the origin of the kidney in Piln ffif/as 
(1931) is almost in complete agreement with mv observations, with the 
only exception that lie considers the formation of the rudiment of the 
right kidney to arise first by evagination, which, according to my ob¬ 
servations, is the second stage of development, the first being the thicken¬ 
ing stage. He has also shown that while the kidnev proper is meso¬ 
dermal in origin, its ureter is ectodermal. 

Scott (1934) makes no reference to (he left kidney rudiment in 
AwpulUtriu ca nation lata. Similarly, she does not describe the. nature 
and manner of the origin of the kidney. She only describes the pre¬ 
sence of a kidney-pericardium complex which she observed for the 
first time at a pretty late, stage when the ureter is already opening to 
the exterior (of. her fig. 17). 

The pericardium and the. heart. 

Tt has already been described that the rudiments of the right and 
left pericardium, even after they come to lie against each other, are 
still separated by a septum which is quite thick to begin with, but be¬ 
comes thinner later on (Text-fig. 1 (>/>). Even at this stage the differ¬ 
ence in the size of the two sacs of the pericardium is well marked, the 
right one (now dorsal in position) being much larger and broader than 
the left (now ventral in position) which is very narrow at its inner ven¬ 
tral end. As development proceeds, the septum becomes reduced and 
is gradually absorbed antero-posteriorly. By the time the embryo 
reaches Stage 5, it disappears completely by being absorbed into the wall 
of the pericardium-sacs, which now form a single large thin-walled 
sac, lying completely on the right side of the gastro-intestinal junction. 
This sac forms the adult pericardium in which the heart is differentiated 
later (Text-figs. 4 c-h ; and 1 Hr/). 

Just when the pericardium comes to lie on the right side of the gastro¬ 
intestinal junction as a single chamber, a part of the pericardial wall 
lying anteriorly but dorsally to the right kidney becomes thickened, 
and is thus distinguishable from the adjoining area of the pericardial 
wall. This thickening really lies in the original rudiment- of the right 
pericardium and forms the rudiment of the heart (Text-fig. L6</). It 
invaginates into the pericardial chamber and gives rise to the heart. 
Thus, unlike the rudiments of the right and left kidney and those of 
the right and left pericardium, the heart arises as a single impaired 
rudiment inside the cavity of the original right pericardium. 

Even in later stages of development, it is that part of the pericardium 
which corresponds to its original right rudiment that grows more and 
increases in dimensions, while the original left pericardial rudiment 
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remains small, and corresponds to the narrow part of the pericardium 
in later stages. 



Tkxt-fkj. IK. Relation of the ri<iht kidney and the ureter. 

a. Sagittal section of the embryo in Stage K, passing through the reno-|H»rieardial 
aperture and showing the dorsal bending of the right kidney: ^225; b. Another sagit¬ 
tal seetion of the same embryo in (a), passing through the opening of the ureter into 
the right kidney : x 225. 


The gonad . 

After the differentiation of the right and left kidney rudiments as 
well as that of the heart, another cell-thickening makes its appearance 
in the roof of the narrower left part of the pericardium, situated ven¬ 
t-rally to the gastrointestinal junction- this is the rudiment of the 
gonad. Text-fig. 1 ijg is a transverse section passing through the gonad- 
rudiment of an embryo, which is slightly older than the one in which 
the gonad rudiment is first laid ; hence the gonad rudiment, instead 
of being exactly ventral, lies a little to the right of the gastrointestinal 
junction. At the stage at which it is first differentiated, the larger 
part of the thin-walled pericardium (right- pericardial sac) lies on the 
right side between the gut and the body-wall ; while the left pericardial 
sac still lies partly vent rally to the gastrointestinal junction. It is 
on the roof of this narrower part of the pericardium, almost on its ex¬ 
treme left, that the rudiment of the gonad, is first laid. It lies dorsally, 
close to the rudiment of the left kidney, witli which it is very closely 
associated. 

The cells of the gonad rudiment proliferate and extend along the 
wall of the digestive gland in the form of a cord of ceils. Text-figs. I6y 
and 20c pass through the gonad rudiment and show its relative position 
with regard to the rudiment of the left kidney and other structures. 

Discussion :—Semper (1862) mistook an advanced stage of the gonad 
for its first rudiment (“ erste anlagc ”) at a stage at which “ the shell 
has already made one complete spiral and has thus surrounded the 
liver (=digestive gland), a part of the latter still lying within the head- 
vesicle ” (c/. his fig. 25, PL IV). At this stage, according to him, the 
gonad lies at the apex of the spiral as a glandular mass of small greyish 
cells in contrast to the yellow mass of the liver. But this, as is apparent 
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from his description, is a much later stage in which the distal end of 
the gonad has also participated in the spiral of the digestive gland. 
Semper, however, does not allude to the origin (mesodermal or other¬ 
wise) of the rudiment of the genital gland. 

Fernando (1931) on the other hand, has overlooked the formation 
of the gonad rudiment in Pila gigas and believes it to be post-embryonic 
in formation. 

A comparison of the origin of these organs, i.c ., the kidney, the 
pericardium, the heart and the gonad in different Molluscs reveals great 
variations. These variations concern the following main points: 

(1) whether there is only one common rudiment for all these organs, 
or each of these organs has an independent origin ; (2) whether all 
these organs are mesodermal or ectodermal in origin or whether some 
are mesodermal, and others ectodermal ; and (3) whether the common 
rudiment, if present, is paired or unpaired. 

I shall discuss below these three* points in the order given above. 

(1) In nearly all the Lamellibranchs and the following forms amongst 
the Gastropoda, all the organs, that is the kidney, the pericardium, 
the heart and the gonad are differentiated from a common rudiment : 
Pila , Paludina , (Erlanger, 1891 ; Otto and Tonniges, 1905), Littorina 
(Delsman, 1914), Planorbis (Rabl, 1879), Phgsa (Wierzejski, 1905). 

Paludina (Erlanger, 1891 : Drummond, 1903 ; Otto and Tonniges, 
1905) shows the greatest resemblance to Pila with regard to the develop¬ 
ment of the paired common rudiment. 

There are other forms, such as Caly-ptraea and Vermetus (Salensky, 
1872) and Bythinia (Erlanger, 1892) amongst Prosobranchs, and Arion 
(Heyder, 1909) and IAmax (Hoffmann, 1922) amongst Pulmonates, in 
which only the kidney, the pericardium and the heart form a common 
rudiment, while the gonad rudiment arises independently. 

(2) Again, there is either an actual variation, or probably only a 
difference of opinion as to the mesodermal or ectodermal origin of these 
rudiments. For example, Erlanger (1891) and Fernando (1931) describe 
the common rudiment as mesodermal in origin, while Tonniges (1896) 
and Otto and Tonniges (1905) describe it as ectodermal. According to 
the latter authors, the paired rudiment arises directly, one on each side of 
the middle line, by the inward growth of the ectodermal cells from the 
body-wall, and thus gives rise to two irregular compact cell-masses. 
But this view has been rejected by a great many authors like MacBride 
(1915), Heyder (1909), Naef (1913), Herbers (1914), Fernando (1931) 
and others, who have remarked that those authors who believe in 
the ectodermal origin of the common rudiment are certainly wrong, 
and that cell-masses forming the common rudiment arise through the 
division of the primary mesoderm cells. According to these authors, 
the ectodermal nature of the rudiment is an illusion due to the close 
proximity of these rudiments to the ectodermal wall. 

(3) Regarding the paired or unpaired character of the common 
rudiment, we find that in majority of cases it is a paired structure lying 
in the posterior part of the embryo, as in Paludina , Bythinia y Physa , 
Arion , Planorbis , Anodonta , and Ostrea. On the other hand, in Litnax 
(1898) and Dreissensia (1901), according to Meisenheimer, the common 
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rudiment is an unpaired structure, but while it is asymmetrical in 
Limax , it is symmetrical in Drcissensia as it is mid-ventral in position. 

Further Differentiation of the Separate Rudiments. 

The kidney. 

In Vila, the kidney originates in two parts. These are : (1) the 
kidney proper, and (2) the ureter. 

While there are differences of opinion regarding the mesodermal or 
ectodermal origin of the kidney proper, there is more or less unanimity 
on the ectodermal origin of the ureter, which arises as an invagination 
from the mantle-cavity, 

Erlanger describes the kidney in Valudina (1891) and Bythinia as 
arising from the posterior wall of the pericardium (if. Otto and Tbn- 
niges, 1905), and later fusing with the ureter to communicate with the 
mantle-cavity. In Littorina (Deleynan, 19J4), the kidney does not¬ 
arise as an evagination from the pericardium, but develops into a vesicle 
even before the appearance of q lumen in the pericardial part. 

The heart. 

With regard to the differentiation of the heart in the Mollusoa there 
is greater agreement amongst the various observers as to the mesodermal 
origin of the heart and the pericardium, than is the case with the kidney. 
The exceptions are few and are connected with those cases where the 
common rudiment for both the kidney and t-hc heart- has been taken 
to be ectodermal in origin. 

While according to Biitschli (1877) and Erlanger (1891), the rudi¬ 
ment of the pericardium and the heart in Valudina (~ V ini pants) is 
mesodermal, Otto and Tonniges (1905) hold it to be ectodermal. Re¬ 
cently, however, Fernando (1931) has proved its mesodermal character. 
Similarly, Erlanger (1892) in Bythinia, Salensky (1872) in Calyptraea 
and Vermetns , Delsman (1914) in Littorina . Bobretzsky (1877) in Nassu, 
and Fol (1880), Poetzsch (1904), Wierzejski (1905), Heyder (1909) in 
the Pulmonates, Vlanorhis , Vhysa , Avion , etc., have described the peri¬ 
cardium and the heart to be of mesodermal origin. Meisenheimer, 
however, describes the heart rudiment in Limax maximus (1898), Cyclas 
(1901) and Drcissensia (1901) to be ectodermal; but we find that 
Schalfeew (1888) and Ziegler (1885) had already traced the mesodermal 
character of these in Limax agrestis and Cyclas respectively. 

(c) The Kidneys and the Ureter. 

The Right or Functional Kidney and its Ureter. 

In the preceding part it has been described that the rudiment of the 
right kidney on evagination from the pericardium forms a small, open 
pouch communicating widely with the pericardium, and that the ureter, 
on evagination from the mantle-cavity, forms a tubular structure 
which, on further development, comes to lie against the posterior end 
of the right kidney. 

As development- proceeds (of. Stage 4, Text-fig. 4 c) a cytolysis of 
cells, as has already been described and figured by Fernando (1931) 
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in his fig. 5, PI. TI, takes place at the junction of the right kidney and 
the ureter with the result that a communication is established between 
the two (Text-fig. 14 d). 

In the next stage of development (Stage 5, Text-figs. I d , e) the kidney 
has grown in length and appears more or less tubular in shape and is 
directed backwards where it communicates with the ureter. The ureter, 
in turn, possesses a lumen uniformly in continuation with that of the 
mantle-cavity, rendering it difficult to mark o!F the boundary between 
the two. Starting from the mantle-cavity, the ureter first leads back¬ 
wards and then upwards to open into the posterior end of the kidney, 
but it has a wider lumen at its kiduev-eiid than at its mantle-cavity- 
end. The wide communication of the kidney with the pericardium 
(Text-fig. 17 6) lies to the right of the opening of the ureter into the 
kidney. As the tubular ureter increases in length, its kidney-end forms 
a bend just before opening into the right kidney (Text-fig. 17 c). 

In the next stage (Stage 6, Text-fig. 4 b) the mantle-cavitv grows 
inwards and upwards and comes to lie almost against the postero-ventral 
pericardial wall, just near the place where the kidney opens into the 
pericardium (Text-fig. 17 d). It is from this inner end of the mantle- 



Text-fio. 10. Stages in the development of the kidneys and the ureter. 

a. Transverse section of an embryo in Stage 10, showing the opening of the ureter 
into the kidney and the mantle-cavity : xlbO; b. Transverse section of an embryo 
in Stage 10, passing through the gill filaments and the ureter: >150; r. Transverse 
section of an embryo in Stage 11. passing through the opening of the ureter into the 
kidney, and showing the gill filaments hanging into the mantle-cavity : X 110 ; d. Sagit¬ 
tal section of an embryo in Stage 11, passing through the reno-nericardial aperture, and 
showing the formation of the vacuoles within the kidney walls: x!76. 
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cavity that the ureter arises and runs backwards and upwards, reaching 
as far back as the middle of the posterior wall of the embryo (Text-figs. 

4 c and 17 a). The right kidney, arising from the postero-ventral wall 
cff the pericardium, leads straight back to open into the now anteriorly 
directed end of the ureter (Text-figs. 4 c and 17 e). At this stage the 
opening of the ureter into the mantle-cavity lies to the left of the outer 
opening of the mantle-cavity. A study of a series of sagittal sections 
of the embryo at this stage shows that the opening of the ureter into 
the kidney lies to the right of the opening of the ureter into the mantle- 
cavity (Text-fig. 7 a), but to the left of the external opening of the 
mantle-cavity. In fact, the greater part of the ureter lies to the left 
of the kidney and the pericardium. The left inner wall of the ureter 
lies in the same plane as the intestine and the inner surface of the invagi- 
nated shell-gland. 

As development proceeds (Text-fig. 4 /), the right kidney grows in 
size and becomes a more or less rounded sac communicating with the 
pericardium through a narrow aperture, the reno-pericardial aperture, 
which lies to the left of the opening of the kidney into, the ureter. The 
kidney already shows indications of turning upwards, (Text-figs. 4 / and 
7 a), to lie against the posterior wall of the pericardium in later stages. 
The ureter is now a long tubular structure which runs posteriorly and 
keeps near the floor of the visceral-sac rudiment on the right side. 

In the next stage (Stage 7, Text-fig. 4 h) } the kidney has grown larger 
in size and shows a bend towards the dorsal side (Text-figs. 4 h and 8 a). 
though the reno-pericardial aperture still retains its original position. 
Moreover, the posterior part of the kidney shows a bulge towards its 
right, with .the result that in sagittal sections the kidney appears to be 
divided into two chambers, while in reality (as a reconstruction of these 
sections shows) there is only one chamber with a swelling on the right 
side. It is into this swollen part that the ureter now opens at its postero- 
ventral region (Text-fig. 8 a). The opening is comparatively narrow 
and lies posteriorly, and to the right of the reno-pericardial aperture. 

The mantle-cavity has become wide and lies, as in the preceding 
stage, against the postero-ventral pericardial wall. Arising from the 
mantle-cavity through a narrow opening (Text-fig. 4 //), the ureter now 
leads downwards and backwards and lies against the postero-ventral 
part of the visceral-sac rudiment (Text-fig. 18 a), whence it runs upwards 
and forward to enter the kidney (Text-fig. 4 h). As development pro¬ 
ceeds, the ureter describes a wide bend at the postero-ventral end of the 
visceral-sac rudiment on its right. After reaching about the middle of 
the height of the visceral-sac rudiment, it bends forward again and 
opens into the kidney as described above (Text-fig. 18 6). Thus, the 
ureter has got two limbs running almost parallel to each other, one 
being ventral and communicating anteriorly with the mantle-cavity, 
while the second is dorsal and opens anteriorly into the kidney. The 
loop connecting these two limbs lies at the extreme posterior end of the 
embryo. 

In the next stage of development (Stage 8, Text-fig. 5 a) in which 
the pericardium lies completely on the dorsal side immediately above 
the gastro-intestinal junction, and the mantle-cavity has grown wider 
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and lies almost midway between its former ventral and future dorsal 
position (Text-fig. 5 a), the limbs of the ureter no longer remain parallel 
to each other but form one closed loop. Part of this looped ureter now 
lies in the postero-ventral part of the embryo, while the remaining part 
retains its original position. The kidney has grown much in size and 
has a broad cavity within it. The opening of the kidney into the ureter 
still lies to the right of but ventrally to the reno-pericardial aperture, 
which is a clear proof of the fact that the ureter has now come farther 
forward. The opening of the ureter into the mantle-cavity is a narrow 
elongated aperture (Text-fig. 5 a) situated to the right of and ventrally 
to the opening of the ureter into the right kidney, so that all the three 
openings are situated almost in the same line. Text-fig. 8 b is a sagittal 
section of a slightly older embryo (Stage 9) passing through the opening 
of the ureter into the mantle-caA ity, in which a part of the ureter situated 
dorsally runs to open into the kidney, the actual opening not being seen 
in the plane of the section. 

In Stage 10 (Text-figs. 5 b, c) torsion has completed and the wide 
and spacious pericardium has passed over completely to the left side 
of the embryo, carrying the kidney along with it. The large mantle- 
cavity occupies its final and definitive dorsal position and leads ventrally 
and to the right through a narrow elongated aperture into the loop of 
the ureter which lies mainly in the right half of the visceral sac (Text- 
ligs. 19 a. b). The ureter is now a long tubular structure bent on itself ; 
from the mantle-cavity it runs first posteriorly and then follows a tor¬ 
tuous course to open dorsally into the kidney (Text-fig. 19 u). The 
kidney has enlarged and stretches posteriorly so as to lie against the 
posterior wall of the pericardium but a little to the right of it (Text- 
fig. 9). Though the kidney has passed over to the left side of the em¬ 
bryo, the reno-pericardial aperture which was so far ventral in posi¬ 
tion, now lies, dorsally and to the left of the opening of the ureter into 
the kidney. Thus, at this stage, the mantle-cavity as well ns the 
ureter come to lie dorsal to the level of the kidney. 

In the next stage (Stage 11, Text-figs. 5 (/, c) the kidney increases 
considerably in size and appears rhomboidal in transverse sections 
(Text-fig. 19 c). Anteriorly it lies wedged in between the pericardium 
on the left and the posterior part of the digestive-gland on the right, 
with the anterior part of the intestine passing beneath it. At this stage, 
it shows the first indication of folds which project into its lumen from 
its posterior as well, as its left wall. It opens dorsally into the pericar¬ 
dium at its extreme right postero-dorsal end (Text-fig. 19 rf). close to 
the opening of the kidney into the ureter. The mantle-cavity commu¬ 
nicates with the ureter through a narrow elongated aperture which 
lies to the right of and posterior to the reno-pericardial aperture. The 
part of the ureter w T hicli extends behind this region lies horizontally 
extended posteriorly, below the posterior extension of the mantle-cavity. 
At this stage a part of the loop of the now very much elongated ureter 
is situated within the wall of the mantle on the right side of the visceral 
sac, and extends forward to the anterior end of the kk^iey. Both the 
openings of the ureter into the mantle-cavity and of the kidney into 
the ureter lie behind this part of the ureter. 
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As development proceeds, the kidney grows larger but is so situated 
that it cannot grow freely in all directions. Anteriorly it is bounded 

4.«r . v 



Text-fic. 20. Further stages in the development of the kidneys and the ureter. 

a. Sagittal section of an embryo in Stage 12, showing the formation of folds in the 
kidney ami the ureter: X 119 ; b. Sagittal section of an embryo ready to hatch, passing 
through the reno-perieardial aperture and showing the lamellar condition of the kidney 
and the ureter: x96; c. Sagittal section of an embryo in Stage f>, passing through the 
gonad and left kidney rudiments, and showing the differentiation of the left ureter as a 
depression in the wall of the mantle-cavity : X200 ; -d. Oblique transverse section show¬ 
ing the left ureter evaginating from the mantle-cavity and abutting against the blind 
end of the evaginating left rudimentary kidney : x 204. 

by the pericardium, on the left it lies against the wall of the visceral- 
sac covered over by the shell, on its anterior right lies the posterior 
end of the digestive-gland, on its posterior right the ureter, while dor- 
sally lie the ureter and the floor of the mantle-cavitv. Thus, the kidney 
is closely pressed on all sides bv other structures, and since no more 
space is available for its expansion, the natural recourse is to form 
internal folds to provide an increased area for its epithelium which has 
now become flattened and consists of small squarish cells with finely 
grained cytoplasm (Text-fig. 20 a). Soon, however, a further differen¬ 
tiation occurs ii\ that the cells become vacuolated. These vacuoles are 
present mostly in those parts of the cells which face the lumen of the 
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kidney ; and. therefore, the cytoplasm and the nuclei move towards the 
outer ends. 

Further changes that occur in the kidney during its subsequent 
development are chiefly concerned with the structure of its walls, the 
relative position of the. various organs in relation to the kidney remain¬ 
ing practically the same. The internal folds become deeper and the 
mesenchyme cells migrate into these folds and form their supporting 
tissue. The folds penetrate deeply into the interior of the kidney and 
thus only a small lumen is left which lies towards its right anterior 
end, where it opens, on the one hand, into the pericardium (through the 
reno-pericardial aperture) and, on the other, into the ureter. 

With further development, there is an increase in the number and 
size of these folds accompanied by a branching of the folds to form 
secondary folds (Text-figs. 20 h and 25 //). These folds now anastomose 
and, consequently, the kidney presents the appearance of a lamellar 
gland. When the folds increase in height, the mesenchyme cells which 
have migrated into them, get pressed into sheet-like structures and thus 
the t wo walls of each fold are closely pressed against each other. Sinuses 
also appear within the folds at the time of their formation and these 
persist, and are connected with the blood-vessels of the kidney. 

By the time the young snail hatches out of the egg, the kidney con¬ 
sists of repeatedly branching and anastomosing folds lined with a flat 
epithelium of vacuolated and glandular cells. In these cells concre¬ 
ments are now recognisable, which dearly show that the excretory 
activity of the kidney has already commenced. 

As the kidney undergoes these changes, the ureter is not left un¬ 
affected, but gradually grows towards its anterior side and comes to 
lie dorsally to the kidney. Its posterior part which is connected with 
the kidney no longer remains a tubular structure, but its lumen becomes 
wider and, like the kidney, it also forms folds from its dorsal wall (Text- 
fig. 20 b). These folds arise almost, simultaneously with the formation 
of the kidney-folds and increase in length till they meet the opposite 
wall and thus produce a lamellar structure. The cells, however, main¬ 
tain their original shape and size, and never become vacuolated. 

The Left Rudimentary Kidney. 

The origin of the left kidney as a solid thickening on the left postero- 
ventral wall of the left pericardium has already been described. The 
rudiment of the left ureter arises as an evagination from the left inner 
wall of the mantle-cavity at a later stage, but it remains very small 
as compared with the ureter of the right side. 

As the embryo grows, the development of both the left kidney and 
its ureter (--efferent duct) proceeds so slowly as to give the impression 
of arrested growth. Text-fig. lb g is a tiansverse section of the visceral- 
sac rudiment of an embryo in Stage 5, and passes through the rudiment 
of the left kidney which is still a solid thickened growth without anv 
indication of an evagination. It lies close to the rudiment of the gonad. 
Fig. 20 e is a sagittal section of the visceral-sac rudiment of an embryo 
of the same stage, i.e.. Stage 5, which shows the rudiment of the left 
kidney and also a slight depression in the wall of the mantle-cavity 
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directed towards the left kidney rudiment. This depression is the 
rudiment of the left ureter. 

As development proceeds, the middle of the left kidney-thickening 
evaginates and the kidney-cells become arranged round its narrow lumen 
in a single layer (Text-fig. 20 d). The lumen retains its communication 
with the pericardium through an aperture which can be described as 
the left reno-pericardial aperture. Meanwhile, the ureter rudiment 
deepens to form a small tubular left- ureter which grows inwards and 
abuts against the blind end of the left kidney rudiment, but has not. yet 
opened into it. 

In an embryo in which complete torsion has taken place (Stage 10) 
the left kidney leaves its former ventral position and comes to lie dor- 
sally. In a transverse section of the visceral-sac rudiment of an embryo 
in this stage it is seen that the original left kidney, after rotating through 
180°, becomes the topographical right kidney. This kidney is now a 
small vesicular structure opening into the pericardium through a small 
and narrow left reno-pericardial aperture (Text-fig. 22 a) and lies at 
the right dorsal end of the spacious pericardium. The left ureter has 
already opened into it and is a long tube with a narrow lumen. 

The morphologically left rudimentary kidney and its ureter are 
closely connected with the genital organs of the animal and so their 
further fate is discussed along with the development of the reproductive 
organs. We may note here that this kidney and its ureter persist in 
Pi la, but do not function as excretory organs- they function together as 
the genital duct. 

Thus, a close study of the development of the left kidney clearly 
establishes the fact that it does not kk disappear at an early stage ” in 
Pilu, as stated by Fernando 1 (1931), but that, it persists and is closely 
connected with the development of tlie reproductive organs. 

Previous work and discussion ~-Numerous accounts of the structure 
and relations of the Gastropod an kidneys have been written, especially 
by authors who were interested either in the relationship of the two 
kidneys in the Diotoeardia or in the homology of the single Monoto- 
eardian Kidney with either one or the other of the Diotoeardia. These 
accounts are chiefly based on comparative anatomical work and contain 
a large number of contradictory statements. Three views have been 
propounded ; one set of workers maintain that the single kidney of 
the Monotocardia is homologous with the left kidney of the Dioto- 
cardia (Pelsencer, Lang and Herschler) ; the second set hold the oppo¬ 
site view, i.e., the Monotocardian Kidney is homologous with the right 
kidney of Diotoeardia (Haller, 1880 ; Handles, 1905 ; etc.) ; while the 
third view is that the Monotocardian kidney is homologous with both 
the kidneys of the Diotoeardia (Perrier, 1889 ; Woodward, 1901). Erlan- 
ger (1891) was the first to prove, by a study of the development of 
Paludina , that the single kidney of Paludina (which is in reality the 


1 Fernando (11)31) is not very clear in his description of (he left kidney. Kg simply 
states that the rudiment of the left kidney arises as an evaluation from the left peii- 
cardium below the intestine, but in bis tig. 4, 1*1. I, be represents ii as a thickened growth 
rather than as an evagination. Fernando's further statement that the left kidney 
disappears “ without coming in contact with the mantle-cavity is not sup|)ortod by 
the development of Pila glotmsa. 
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morphological right, though topographically the left, kidney in the adult) 
corresponds to the left kidney of the Diotocardia. He showed that a 
rudimentary morphologically left kidney makes its appearance, to dis¬ 
appear later. But Drummond (1902) and Otto and Tonniges (1905) 
showed that the rudimentary morphologically left kidney does not 
disappear as Erlanger had thought, but. persists and subsequently comes 
to lie on the right side of the pericardium after undergoing a complete 
rotation through J80° and becomes connected with" the genital system of 
the animal. 

I do not wish to enter into a discussion of the relationship of the two 
kidneys in the Diotocardia and their homology with the single kidney 
of the Monotocardia, as this point has already been exhaustively dealt 
with both by Otto and Tonniges (1905) and Saehwatkin (1920), who, 
after a survey of all the evidence, reached the conclusion that the kidney 
of the Monotocardia. whether it consists of a single or a double chamber, 
is homologous with the left kidney of the Diotocardia. Fernando (1921), 
on the basis of the development of this organ in Ampullaria (Pila) 
gigas , supports this view. My own investigations, while confirming the 
conclusions of Fernando, have also revealed the fact that the morpholo¬ 
gically left rudimentary kidney does not disappear, as stated by Fer¬ 
nando, but that it persists, as in the ease of Puludina (Otto and Tonniges 
1905), and becomes intimately connected with the genital system of the 
animal. 

Prashad (1925), after giving a brief summary of the earlier works 
on the kidney of Ampullariidae, describes that “ the renal-organ of 
Pila glohosa , as of all Ampullariidae, consists of two chambers (i) a right 
anterior, and (ii) a left posterior, which lies somewhat to the left of and 
posterior to the anterior chamber. These two parts, though they are 
homologous with the two chambers in other Taenioglossa. are not similar 
in structure to that of any form in which the renal organ has been pro¬ 
perly investigated ”. On account of this difference in structure, Prashad 
refers to them “ by the non-committal names of the anterior and the 
posterior renal chambers'*. A study of the development of the kidney 
in Pila glohosa proves, as has been described by Fernando (1921), that 
the “ Kidney ” is the homologue of the " posterior renal chamber ” 
of Prashad in the adult animal, and that his “ anterior renal chamber ” 
corresponds to the “ ureter ”. Thus, it is evident that the so-called 
anterior and posterior renal chambers are quite distinct structures of 
separate origin—the posterior renal chamber or true kidney is mesoder¬ 
mal in origin, while the anterior renal chamber is ectodermal in origin 
and constitutes the ureter. Agreeing with Fernando, I have preferred 
to describe it as the ureter because of its great resemblance to the ureter 
of Paludina and also because of its ectodermal origin. 

Prashad (1925) writes : “ The mode of excretion in P. glohosa and 
other Ampullariidae appears to be similar to that in other Prosobranchs, 
except that probably both the chambers in this family have an excre¬ 
tory function, and the posterior is not of the nature of a nephridial 
gland. Owing to the single external opening, excretory products from 
the posterior chamber are also collected together and poured into the 
anterior chamber whence they are discharged into the mantle-cavity.” 
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This statement is incorrect because* it is only the posterior chamber 
which is glandular and has a vacuolated epithelium containing excretory 
granules, while no excretory matter is ever seen stored up within the 
non-vacuolated cells of the “ anterior renal chamber ’’ which corre¬ 
sponds to the ureter and is noil-glandular. The ureter, in fact, corre¬ 
sponds to the similar structure in Paludina , and simply collects the waste 
products excreted by the glandular kidney and conveys them to be 
discharged into the mantle-cavity. 

Finally, 1 must add a few words about the structure of the kidney 
itself. Haller (1886), Pelseneer (1896) and Randles (1906) describe the 
Prosobranch kidney as an acinose gland, and that it is tlie cavities of 
the acini constituting it which unite with each other and give rise to the 
principal branches which lead into the urinary chamber. In contrast 
to this, Perrier (1889) after making a comparative anatomical study 
of the Prosobranch kidney in different forms, arrived at the conclusion 
that the kidney consists of a sac-like structure which is divided by a 
large number of trabeculae lined with glandular cells. Mr hinge r (1891), 
after tracing out the full development of the kidney in Paludina , con¬ 
firms the view of Perrier ; and my own observations outlined in the pre¬ 
ceding pages fully corroborate the fact that the walls of the simple sac- 
like kidney, which like that of Paludina can be compared to the simple 
kidney of Ualiotis , become folded inwards, and that from these folds 
secondary folds arise which, on further development, increase* in number 
and after anastomosing with one another give the adult kidney a lamellar 
or spongy appearance. 


1). The Prricftrdiunt, the Heart and the I Howl Vessels. 

The Pericardium and the Heart. 

I have already described that the heart first appears as a thickening 
of the posterior wall of the pericardium just above the right kidney. 1 
This thickening develops into a knob-like growth consisting of more or 
less loosely arranged cells which projects into the cavity of the pericar¬ 
dium. On further growth the thickening forms a small invagination 
into the pericardial cavity and thus the original knob-like rudiment 
of the heart develops into a small ptwcli which hangs down into the 
cavity of the pericardium and is now lined by a single layer of cells. 

With further development, the invaginated pouch reaches the oppo¬ 
site wall of the pericardium with which it joins and fuses. During 
this period, this rudiment of the heart remains confined to the dorsal 
part of the pericardium and stretches obliquely across it. In a longi¬ 
tudinal section, the heart appears as a straight tube. Text-fig. 21 a 
is a transverse section of an embryo in Stage 5 in which the heart is 
seen stretching obliquely across the dorsal part of the pericardium in 


1 Fernando (1931) describes the heart at a much later stage. He does not mention 
as to how or where it originates, but simply states that it “ begins to be differentiated 
within the pericardium ”, From his description (he haH not shown the heart in his 
figures) it is clear that it is a comparatively late stage in which the heart rudiment 1ms 
already differentiated into the auricle and the ventricle. 




1942.] 


A. U. Han.iah : Jintbryoloyy of ¥ila globosa. 


277 


the form of si. small, narrow, undifferentiated tubular structure, the 
lumen of which communicates sit both ends with the bodv-cavity of the 
embryo. 



<i . Tran.svrrso section of an embryo in Stage o, passing through the pericardium 
and showing the heart rudiment: , 223; b. Sagittal section of an embryo in Stage (>, 
passing through tin* pericardium and showing the heart rudiment: .223; r. Trans¬ 
verse section of an embryo in Stage 7, showing the differentiation of the auricle and 
the ventricle: 133; <1. Transverse section of an embryo in Stage 10, passing through 

the aurieulo-ventrieular aperture : - 127; r. Sagittal section through the pericardium 

of an embryo in Stage 1 I, showing the aurieulo-ventrieular aperture : >. 132. 


At a slightly later stage, the pericardium has increased further in 
dimensions, and at about the middle of its extent it occupies the entire 
space between the anterior part of the intestine and the bodv-wall. 
Almost in the middle of the tubular heart there appears a thickening 
which, a little later, develops into a circular constriction gradually 
dividing the heart into two parts. These two parts develop later into 
the auricle and the ventricle. Text-tig. 21 b is a sagittal section of an 
embryo in which the pericardium has grown antero-dorsally on the right 
side of the intestine, and the heart, still situated within its postero- 
dorsal part, lies to the right of the reno-pericardial aperture. The 
section shows the thickening of the wall of the heart, which later forms 
the annular constriction. 

In the next stage (Stage 8), a further differentiation of the heart 
has taken place- -it is no longer tubular in shape but has broadened 
at the region of the constriction. Text-fig. 21 e is a transverse section 
of an embryo in which the pericardium has considerably increased in 
dimensions and has completely shifted upwards to lie dorsally across 
the junction of the intestine and the stomach ; within the pericardium, 
the auricular and the ventricular parts of the heart are well differentiated. 
They are broad at their junction with each other at the constriction, 
but become narrow towards their outer ends. 
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Being no longer hampered by the limited space between the gastro¬ 
intestinal wall and the body-wall, the pericardium develops into a very 
wide thin-walled chamber extending almost in all directions. It is 
bounded on its ventral side by the gastro-intestinal wall, on its anterior 
and left side by the everted shell-gland, on its right by the body-wall, 
and posteriorly by the kidney. 

As torsion proceeds, the pericardium follows suit, so that by the 
time torsion is completed, the pericardium, along with the heart con¬ 
tained in it, shifts downwards towards the left side in the visceral mass. 
Text-fig. 21 (l is a transverse, section of an embryo in which complete 
torsion has just taken place (Stage 10). At this stage the pericardium 
is a very wide sac but has an extremely thin wall with flattened cells : 
it extends anteriorly as far as the digestive-gland, while posteriorly 
and on the right, it is bounded by the kidney. The posterior limit 
of the pericardium is almost in the same plane as the anterior end of 
the origin of the rudiments of the gill-filaments. The pericardium is 
broader dorsally and, due to lack of space, narrows gradually towards 
its ventral end. The heart, which has grown considerably in size, still 
lies obliquely in the posterior part of the pericardium. The auricle 
is a thin-wallcd bag full of blood and its wall is lined with flattened cells 
connected with one another only through their drawn out ends. The 
ventrirle, which is elongated dorso-vcntrally and lies in an obliquely 
antcro-posterior direction, is a pear-shaped structure whose cells lie 
close together and are not flattened, thus forming a thicker wall than 
that of the auricle. Its upper part which communicates with the auricle 
is broader, while it tapers towards its ventral end which lies against 
the intestinal loop to open into the aorta. The auricle and the ventricle 
have separated almost completely from each other by the deepening 
of the constriction, although they communicate with each other 
through the narrow” auriculo-ventricular aperture, ft is dillicult to 
give the exact outlines of the heart and the pericardium, as these vary 
greatly due to systole and diastole, and are also greatly affected by 
the fixatives used. 

The pericardium and the heart now' lie in their definitive positions 
on the left side of tlie visceral sac. so that the heart, which became 
differentiated from the wall of the pericardium when the latter lay on 
the right side of the intestine, has rotated to the right through 180° 
and now lies at its adult definitive position on the left side. 

In the next stage (Stage 11), the pericardium has still further in¬ 
creased in size, and the muscle-fibre-forming cells have already developed 
and can be easily distinguished from the endothelial cells of the ven¬ 
tricle, the ventricular walls having become much thicker. Text-fig. 
21 e is a sagittal section of an embryo in which the muscle-fibres are 
already laid, the auriculo-ventricular aperture has considerably nar¬ 
rowed and is protected by two septa which will develop later into valves. 
These rudimentary septa are here seen hanging into the ventricular 
chamber, a condition which is met with in the adult stage. They are 
arranged in such a manner that, on the contraction of the ventricle, 
the blood cannot flow back from the ventricle into the auricle. 
This is so on account of the closure of the auriculo-ventricular aperture 
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by these septa, which act as rudimentary valves. The blood is thus 
propelled only into the aorta. 

Among Gastropods three types of development of the heart and the 
pericardium have been described. These are : (1) Tn the first type, 
comprising the majority of forms, the differentiation of the pericardium 
takes place first, and the rudiment of the heart appears in its wall 
afterwards, i.e., it follows the same course as has been described 
above in Pila globosa. (2) In the second type the reverse is the case, 
i.e ., the heart arises first, and is followed by the differentiation of the 
pericardium. (3) Tn the third type the pericardium and the heart arise 
a 1 most si i mi 1 ta nco u si v. 

The Blood- Vessels. 

The origin and development of the blood-vessels in Pila globosa is 
similar to that described in other Gastropoda, such as Paladin,a 
(Erl a tiger, 1891). 1 shall not, therefore, give a detailed account of it. 

The blood-vessels arise quite independently of the heart. They 
arise in the form of intercellular spaces or sinuses of indefinite shape 
and size in between the mesenchyme cells lying scattered within the 
body-cavity. These sinuses appear in a very early (Stage 1) and are 
situated at different regions of the body. They arc surrounded by 
flattened mesenchyme cells without any definite walls. One such large 
sinus is present at the anterior end of the embryo just beneath the 
stomodaeum, while another is present at the base of the foot beneath 
the primitive stomach, and similarly there are others in other parts of 
the body. These have been described by some authors as being cap¬ 
able of pulsating even before the differentiation of the heart (as in Palu- 
dina), but in Pila no such pulsations can be seen in its early stages owing 
to the opacity of the embryo. The presence of sinuses in the early 
stages can be made out only on cutting sections, but in later stages, 
when the food-yolk has been absorbed and the embryos become more 
or less transparent, these sinuses can be easily made out not only in 
the li\ing condition but even in the whole mounts after fixation, in 
the former case they are transparent ; in the latter they take a lighter 
stain than the other parts of the body. 

There is one remarkable fact noticed with regard to the position of 
these sinuses, viz., that they arise exactly at those places where later 
on (as seen in the adult) the blood-vessels are formed. As development 
proceeds, these scattered primary sinuses enclosing the primary body- 
cavity, in contrast to the heart which represents the secondary coelom, 
become narrower and narrower, until finally they join each other 
and form blood-vessels. The vessel which joins the open end of the 
ventricular part of the heart gives rise to the aorta. In Text-fig. 23 c, 
which represents a transverse section passing through an embryo in 
Stage 11, the aorta is seen arising from the ventricle. The veins 
(the pulmonary, the efferent etenedial and the efferent renal) arise 
much later than the aorta, and open dorsally into the auricle. Of 
these, the efferent etenedial vein differentiates first and is formed 
from sinuses in the mantle, especially those at the base of the gill- 
leaflets, when the latter aie differentiated oil the future inner side 
of the mantle. These sinuses unite to open into the auricle. 
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K. The Gonad and the Genital Duet. 

The origin of the gonad rudiment as a thickening of the roof of 
the pericardium at its extreme left end. situated dorsallv to the left 
kidney rudiment, has been already described above. To begin with, 
it consists of a few cells only, but as development proceeds, the rudi¬ 
ment increases in thickness (Text-fig. 16 (j) by a proliferation of cells 
next to the digestive-gland, the cells travelling ventral-wards and 
producing a coni of cells. Subsequently (Stage 6), as a result of 
torsion of the visceral-sac, rudiment, the gonad rudiment is also 
transposed to the right side of the digestive gland, and comes to lie 
at the left inner end of the floor of the pericardium, l-nlike the 
evagination of the kidney rudiment and the invagination of the heart 
rudiment, the gonad rudiment develops in the form of a solid cord of 
cells. But an important fact to be observed is that, inspite of the 
torsion, the gonad rudiment, retains its position next to the digestive 
gland throughout the course of its development. 

In early stages, the left kidney rudiment lies on the ventral side 
of the gonad rudiment, but when the pericardium shifts completely 
towards the right, the gonad comes to lie anteriorly to the left kidney 
rudiment, though (dose to it (Text-fig. 20 c). This proximity of the 
two rudiments is due to the narrowed lumen of the rudimentary left 
pericardial sac, between the left kidney and gonad rudiments. 

As the visceral-sac rudiment undergoes a complete rotation (Ktage 
10), the pericardium along with the gonad and kidney rudiments, passes 
over to the left side of the visceral sac. Consequently, the kidney and 
the gonad rudiments come to lie on the extreme right of the pericar¬ 
dium,. instead of their former ventral position. Besides, the relative 
positions of the gonad and thi' left kidney rudiment are reversed, the 
left kidney rudiment now lying dorsal ly to the gonad rudiment, although 
the two still lie close together. Text-tig. 22 a, is a transverse section in 
which the gonad rudiment lies vent rally to the kidney rudiment, but 
is so close to it t hat a. sharp line of demarcation bet ween the two cannot 
be drawn. It should be noted here that the left kidney rudiment never 
becomes differentiated to form a functional kidney but is incorporated 
into the gonad into which it is assimilated. 

At the next stage of development (Stage II), the distal end of the 
gonad rudiment lying close to the digestive gland develops a cavity 
within itself, while its proximal part lying beside the kidney still re¬ 
mains solid (Text-fig. 22 h ); and the kidney itself communicates with 
the pericardium through the narrow left re no-pericardial aperture. 
Text-fig. 22 c is a transverse section of the visceral sac representing the 
position of the gonad rudiment (shown magnified in text-fig. 22 h) in 
relation to the other organs ; while Text-fig. 22 (L is a semi-diagrammatic 
representation of the left ureter of the rudimentary kidney of the same 
embryo, showing its opening into the latter at its inner end, and into 
the mantle-cavity at its outer end. 

As development proceeds, the gonad rudiment becomes hollow 
throughout its length, that is to sav, the cavity which started first at 
its distal end now extends right upto its proximal end. This cavity 
however, docs not communicate with that of the rudimentary left kidney. 
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Hereafter (Stage 12), the gonad rudiment develops rapidly. Proxi- 
mally, the root of the gonad merges completely into the left kidney rudi- 



ft. Tr.tnsverse sod ion of an embryo in Stag** 10, passing through the loft, rudimcti- 
ry kidney. the* loft rei.o-porieardial aperture and the* gonad: '-04: />. Tra»s\er>e 
moot inn of an embryo in Stage IJ, passing through the gonad and showing the forma- 
lion of the cavity at its distal end : ' 200; r. Transverse section of the same* embryo 
as in (I)), showing the relation of the gonad with the other organs of the body: <46; 
fi. Diagrammatic* representation of the left ureter opening into the left kidney and the 
mantle-cavity, in a transverse section of the* embryo in Stage* 11 : x 200; c. Tran>\erse 
section of the* embryo in Stage 12, showing the gonad communicating with the left rudi¬ 
mentary kidney : >'200. 

moot, with the result that its cavity now communicates with that of 
this kidney, and. through it. with that of the mantle-cavity via the 
ureter of the left kidney ; ?.c., the left ureter becomes transformed into 
the genital duet of the adult. Distall v the gonad forms a bend along 
with that of the digestive-gland. At this stage of development as well 
as in later stages, I could not observe the reno-pericardial aperture of 
the rudimentary kidney, and believe that it has disappeared. 

By this time all the essential relations between the various parts of 
the reproductive system are fully established, and further development 
consists only of the differentiation of this gonad rudiment into either 
the male or the female genital organs. 1 have not, however, followed 
this differentiation. 

Discussion. It is evident from the foregoing account that in Pila, 
as in Paludina (Erlanger, 1891 ; Drummond, 1903 ; Otto and Tonnigea, 
1905), the gonad rudiment and the rudimentary left kidney with its 
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ureter are closely connected with each other, and that this rudimentary 
kidney, after fusing completely with the developing gonad rudiment, 
takes part, along with its ureter, in the formation of the genital duct. 
The latter is, therefore, not an independent formation. 

Fernando ( 1931 ) says that “ the genital organs (with which the 
morphologically left kidney of the embryo is associated in Vimparus) 
do not develop in the embryos of Ampullaria gigas , till after they are 
hatched, so that it is possible that the genital duct may be a new forma¬ 
tion. Further, no opening into the mantle-cavity was observed in con¬ 
nection with the morphological left kidney ”. But, it is clear from 
my observations that Fernando’s conclusions are incorrect. He seems 
to have overlooked the early stages of the gonad rudiment, and, sur¬ 
prisingly enough, missed it even in the later stages, where it is quite a 
distinct structure, especially in his Stages 9 and 10, when the torsion 
is complete, and the embryo has a snail-like appearance. 

F. The Respiratory Organs . 

Pila globosa is a fresh-water form, but is also adapted to a terres¬ 
trial mode of life. In water, respiration is carried on by means of its 
ctenidium or gill, while on land, aerial respiration comes into play through 
its pulmonary sac or lung. 

Brooks and McGlone (1908) have given a detailed and lucid account 
of the development of the respiratory organs of Ampullaria (Pila) de- 
pressa . My own observations on Pila globosa arc almost in complete 
agreement with theirs as regards the origin and development of these 
organs, except for a few differences in minor details in the case of the 
lung, I consider it unnecessary, therefore, to describe the development 
of these organs in detail and give here only a brief summary of my 
observations. 


The Gill . 

The first traces of the gill rudiment are discerned in Stage 8. Text- 
fig. 23a is a transverse section (passing through the pericardium and 
the gastro-intestinal junction) in which the epithelium on the right side 
is clearly thickened and its cells have become tall and columnar. This 
thickening is the first formation of the gill rudiment, which lies just 
dorsally to the concave thickening from which the visceral ganglion is 
delaminated in earlier stages, but which is now composed of a single 
layer of tall columnar cells. Text-fig. 23 6 is a horizontal section of an 
embryo in Stage 9, which shows three thickenings or ridges developed 
from the inner wall of the mantle. Two of these thickenings are sepa¬ 
rated from the third which lies to their left, by an infolding of the mantle- 
epithelium. 1 This infolding is the rudiment of the pulmonary sac, while 
the two thickenings on its right arc the rudiments of the gill, and the 
one on its left is the rudiment of the osphradium. The rudiments of 
the gill and osphradium are thus seen as parallel ridges and fully confirm 
the statement of Brooks and McGlone (1908) that “ the gill, the lung 


1 Text-fig. 236, unlike other figures of sections, has been drawn in such a way that 
the left side of the figure is in reality the right side of the embryo, and vi-'e-versa. 
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and the osphradium of Aw pull aria arise simultaneously or nearly so in 
the embryo 

As development proceeds, other thickenings and outpushings re¬ 
presenting further rudiments of the gill-filaments arise along the inner 
dorso-lateral surface of the mantle. Text-fig. 196 is a transverse sec¬ 
tion passing through the gill rudiments of an embryo in which torsion 
has already been completed and the first rudiments of the eyes have 
also appeared (Stage 10). The part of the mantle lying dorsally to 
the pericardium in the preceding stages (Text-fig. 23a) has now be' 
come dorso-lateral in position, after passing over to the left side of the 
embryo. Consequently, the rudiments of the gill-filaments, six to 
eight in number, now lie on the left side and project from the inner 
wall of the mantle-(Text-fig. 196) into the mantle-cavity. On examining 
a series of consecutive sections (Text-figs. 19a, 6), one finds that the 
ectodermal thickening, from which the visceral ganglion had originated, 
now lies at the extreme left of the mantle-cavity, just dorsally to the 
pericardium, and that the gill rudiments lie posteriorly but dorsally to 
this ectodermal thickening. 



Tkxt-fig. 23. Stages in the development of the gill and the lung. 
a. Transverse section of the visceral -sac rudiment of an embryo in Stage 8, passing 
through the thickening of the gill rudiment : X 127 ; b. Horizontal section of an embryo 
in Stage 9, shoeing the differentiation of the rudiments of the gill-lung and the osphra- 
dium: Xl57; r. Transverse seetir.n of an embryo in Stage 11, passing through the 
opening of the lung into the mantle-cavity. x90 ; d. Transverse section of an embryo 
in Stage 11, passing through thc.opcning of the lung into the mantle-cavity ; x«5. 

The rudiments of the gill-filaments first appear as solid outpushings 
of the epithelial wall completely filled up with compact masses of the 
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subjacent mesenchyme cells. As development proceeds, these rudi¬ 
ments increase in size, and the mesenchyme mass in each rudiment is 
detached from the outer epithelium and forms a band like structure in the 
middle of each filament. Very soon, however, these mesenchyme bands 
break up into loose cells in the older filaments (Text-fig. 19c). Each 
gill-filament thus becomes a long tubular structure with mesenchyme 
cells l} r ing scattered in its cavity. The row of filaments is attached 
to the wall of the mantle which forms its ctenidial axis. Each filament 
consists of a double wall of epithelium composed of cubical cells, each 
with a rounded nucleus and a distinct nucleolus ; the cells are ciliated 
on their outer surfaces. The elongated space enclosed between the two 
walls of each filament is traversed here and there by scattered mesen¬ 
chyme cells, which later develop into muscle-fibrils. These fibrils run 
transversely across the filament and form a series of septa dividing the 
space between the two walls into smaller spaces called “ lacunae 
which communicate with one another and also with the pulmonary 
sinus, the origin and development of winch has been described by Brooks 
and McG lone (1908). 

The gill-filaments continue to increase in size as well as in number, 
so that, by the time the embryo hatches out, the number of these fila¬ 
ments reaches as many as 35 to 45 in each gill. Moreover, all the lam¬ 
ellae (filaments) are not of equal size, the largest lamellae being in 
the middle, and their size gradually decreasing towards the two ends. 

Like other Pectinibranchiates, Pila possesses only one gill wdiich is 
topographically the left, but morphologically the right. In spite of 
careful observations, 1 have never been able to find any trace either of 
a rudimentary left etenidium or of a second row of filaments even in 
the very early stages of its development. 

According to Lankcstcr, 11 m primitiw gill of Violins* a was a etenidium—a stalk 
with plates very much like tin* gills of f 1 lufon and Fisstirrllrt. Sponge! derives the proso- 
bram'h gill fromilte gill of some primitive turm like ('Jn'ton. and at cording to him, the 
present form of the prnsnhranch gill is form* d by a gradual coalescence of the free distal 
portion of the gill willi the mantle-wall. The ciubryologieal history of the gill in Pila 
does not confirm tin* hypothesis of Spenirel. The course of development throughout 
the l’cetinibraehiata (Monotneurdi.i) i.> similar to what I have found ii> Pibi. There¬ 
fore, in the words ot Osborn (bssaj. “it dots not stem safe to accept the conclusions 
of Spongel and Lankcstcr, Hint the Ctenohraneli (---Monoloeardianl gill is derived from 
a feather-form gill, like that of Fi-wincUa. bylhc fusion of one side with the body-wall". 

The Lung. 

The lung, ns has already been pointed out, arises as an infolding of 
the mantle epithelium almost simultaneously with the formation of the 
gill and osphradial rudiments. Text-fig. 236 is a horizontal section 
passing through the gill and osphradial rudiments, between which lies 
the lung rudiment, a position which is maintained to the last. Text- 
fig. 21 d is a transverse section of an embryo in Stage 10, passing through 
the Jung rudiment which appears as an invagination, lying a little pos¬ 
teriorly to and to the right of the osphradial rudiment. This lung 
rudiment is well marked in Text-fig. 19a which is a transverse section 
of a slightly older embryo. 

In the next stage (Stage 11), the lung rudiment becomes further 
invaginated into the substance of the mantle, just posteriorly to the 
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osphradium (Text-fig. 23c). Brooks and McGlone s description of this 
stage agrees with mine, but 1 find that in their fig. 13, PI. 4, and fig. 14, 
PL 5, they wrongly label as lung rudiment the thickened epithelium 
which surrounds the extreme left end of the mantle-cavity, and from 
which the gill rudiments and the visceral ganglion have already arisen. 
The actual lung rudiment lies a little anteriorly (Text-fig. 23c), and 
occurs in the anterior sections of the same series, the posterior sections 
(Text-fig. 19c) of which show the condition exactly comparable to the 
diagrams of Brooks and McGlone in which they have misinterpreted the 
part of the mantle-cavity as the lung-groove. 

Similarly, Brooks and McGlone have missed the lung rudiment in 
their fig. 11, PI. 3, and fig. 12, PI. 4. In these two figures, they have 
indicated the posterior part of the mantle-cavity as the lung rudiment. 
It is a mistake which is quite natural if the part of the mantle-cavity 
labelled as ‘ k l.g. ” in figs. 13 and 1 1 he accepted as the lung-groove. 

Text-fig. 23d is a transverse section of an embryo which is slightly 
older. It passes through the lung-opening as well as through the lung 
itself, and shows the latter as a flat, elliptical structure, dorso-lateral 
in position. From this stage onwards, right up to the hatching stage, 
the position and structure of the lung in Pila globosa completely agrees 
with that given in figs. 15,16 and 17 and 18 of Pis. 5, 6 and 7 respectively 
of Brooks and McGlone in Ampullarm depressa. The lung having 
grown larger, now occupies a considerable space within the substance 
of the mantle, and only two very thin layers of connective tissue separate 
it from the inner and the outer epithelia of the mantle. 

In later stages the dorsal epithelium of the head-vesicle forming 
the floor of the mantle-cavity becomes raised into a fold-like valvular 
structure, known as the cpitaenia, which acts like an incomplete septum 
and divides the mantle-cavity into two incomplete chambers of un¬ 
equal size. The smaller chamber lies towards the right, and is known 
as the branchial chamber, as it contains the gill, while the left is the 
spacious pulmonary chamber and contains the opening of the lung and 
the osphradium. 

According to Brooks and McGlone (1908) “ the lung of Ampullaria 
becomes functional before the gill does; for, the newly hatched 
young die verv quickly if they are prevented from leaving the water 
while the adults survive a long immersion I also found that the 
newly hutched young, lying in open glass dishes containing moist earth 
and a little water, crawled out of the dishes probably in quest of food, 
but after moving a few feet, shut themselves up within their shells and 
remained so for a considerable time (f> to 10 hours), and were found to 
be alive when brought back to water. 

Previous work and discussion. Prasliad (1925) c-onsiders the lung 
as a new structure or only a part of the second ctenidium which, in 
response to aerial respiration, has been developed in close association 
with the gill and the osphradium as a specially modified structure ”. 
Pila belongs to the family Pilidae (—Ampullariidae) which is the only 
family of Streptoneura in which the gill is present simultaneously with 
the lung. The Pectinibranchiata (Monotocardia), to which the family 
Pilidae belongs, are characterised by having a single ctenidium, and 
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no trace of a second gill, even in a rudimentary form, is found throughout 
the course of development. Therefore, from a study of the develop¬ 
ment of the lung in Pila ylobosa , 1 arrive at the conclusion that it is 
a new structure altogether which has developed by the modification of 
the mantle, and that it is not at all a modification of a second ctenidium. 

Unfortunately little work has been done on the origin and develop¬ 
ment of this organ in other Gastropoda, and the little that is known 
concerns only the Pulmonaba. While there is some unanimity concern¬ 
ing the origin of the lung in the terrestrial Pulmonatcs (Stylommato- 
phora), in the case of the aquatic Pulmonates (Basommatophora) opi¬ 
nions differ. The lung arises after the formation of the mantle-folds 
and the mantle-cavity, and is considered as a derivative of the latter, 
as in Lynmaea. (Wolfson, 1880) and Planorbis ( Bald, 1879). Fol (1880), 
on the other hand, does not agree with this view, and believes not only 
in the independent or separate origin of the lung-cavity, but even in 
its earlier formation, for he savs : “ the mantle-cavity is only a secondary 
invagination and should not be confused with the pallial-cavity ”, i.e.. 
the lung-cavity. Though Lankester (1874) believes in an independent 
origin of the lung-cavity, yet he agrees with Raid (1879) and Wolfson 
(1880) in its secondary formation, that is to say, that the lung-cavity 
arises when the mantle-folds have already been formed. Again, all 
the four authors do not agree on the manner of its origin. Lankester 
describes (in Lymnaea) the lung as a simple depression arising on the 
right side, hidden below the overhanging mantle-lobes, when the latter 
are already covering a considerable part of the body. Raid (1879), 
on the other hand, describes in Planorbis that as the mantle grows fur- 
• ther, its growth takes place more on the right than on the left side. 
Soon a shallow indentation takes place on the right side, which soon 
deepens and forms the rudiment of the respiratory cavity. 

Wolfson (1880) gives an altogether different origin of the respiratory 
cavity in Lynmaea. It arises “ by the fusion of the right margin of the 
mantle which extends more on the right than on the left side with the 
body-integument, only a small aperture, the respiratory aperture, being 
left which leads into a deeply widening part of the mantle-cavity-the 
lung-cavitv ”. Thus the lung-cavity is shown to be a transformed 
mantle-cavitv. 

In the Stylonimatophora, on the oilier hand, we find that the lung- 
cavity arises quite independently of the formation of the mantle-fold 
or the mantle-cavity, as in Helix (Fol, 1880), Lint ax (Meisenheimer, 
1898) and Avion (Heyder, 1909). Not only this, but Heyder has also 
stated that in Arum the lung arises as an ectodermal invagination even 
before the presence of any trace of either a mantle-cavity or a mantle¬ 
fold. Heyder has traced the complete development of the lung-cavity 
in Arion and has found that it originates as an altogether separate struc¬ 
ture from the mantle-cavity which is a secondary formation. Other 
authors have described it as an ectodermal invagination arising almost 
simultaneously with the mantle-cavity, but according to Heyder they 
have either “ overlooked the first invagination of the lung or failed to 
recognise its significance, and have noticed it together with the mantle- 
cavity appearing a little later ”. 
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From the above review of the origin of the lung amongst the different 
forms both of the Basommatophores and the Stylommatophores, one 
is led to the conclusion that the lung has two different kinds of origin 
amongst the Plumonata, i.e., while it arises separately in the case of 
Stylommatophores (e.g., Avion ), in the Basommatophores on the other 
hand it is a derivative of the mantle-cavit) and is thus a secondary 
formation. 

When we compare the lung in Pda with that of the Pulmonata. 
we find that the two can hardly be considered as homologous structures, 
because in the former case it is a secondary formation and at the same 
time arises as an indentation of the mantle itself; in the latter case, 
however, especially in the Rtvlommatophora (e.g., Avion), where it has 
been thoroughly studied, the lung is a primary formation and develops 
ontogeneticallv before the mantle-cavity. 

0. The. Nervous System . 1 

The earliest rudiments of the nervous system appear at an early 
stage when the embryo is still bilaterally symmetrical externally, 
although internally it is asymmetrical, because of the unequal growth 
of the pericardial rudiments and the opening of the anus on the left 
ventral side. The rudiment of the mantle-cavity is as yet mid-ventral 
in position and the shell-gland is situated on the aboral dorsal surface 
(Stage 3). The head plates become thickened and many- 
lavered near their extreme anterior ends, and some of the cells lying 
innermost project inwards from the thickened region. These delaminat¬ 
ing cells of the ectodermal plates form the first rudiments of the cerebral 
ganglia (Text-figs. 24rt, b) which are thus the first ganglia to be formed. 

As development proceeds, more cells are delaminated from the 
head plates and we get thin sheets of closely arranged cells pressed against 
the inner surfaces of these plates. These cells closely resemble the 
mesenchyme cells and it is extremely difficult, at this stage, to differen¬ 
tiate the ganglion cells from the adjacent mesenchyme cells. 

The rudiments of the pedal ganglia (Text-figs. 24c, d) are the next 
to be formed, one on each side, in an embryo slightly older than Stage 3. 
At this stage the embryo is asymmetrical even externally, the shell- 
gland having passed over more or less to the left side (Text-fig. 4r/). 
The lateral walls of the foot which, to begin with, consist of a single 
layer of tall columnar cells become thickened and appear many-layered 
at about their middle regions. From these thickenings, cells are 
delaminated in the same manner as in the case of the cerebral ganglia, 
and are laid against the inner surfaces of the walls of the foot on each 
side. Text-fig. 24c is a transverse* section of an embryo in Stage 4, and 
passes through the rudiments of the pedal ganglia which lie more or 
less posteriorly to the* cerebral ganglia. 

Almost simultaneously with the appearance of the rudiments of the 
pedal ganglia, two other similar thickenings appear, one on each side, 
in the lateral walls of the “ Kopffuss ”. They are situated immediately 

1 In the following account the teiminology used for the various ganglia- tliei** 

connections (ccinmissures and connectives) is that proposed by Spengel (i»5l) an 
adopted by Prashad (1925). 
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Text-Piu. 24. Stages in the development of the nervous system. 

a. Transverse section of an embryo in Stage 4, passing through the rudiments 
of the cerebral ganglia: x92 ; b. Portion of (a), showing the delamination of the ecto¬ 
derm cells to form the rudiment of the cerebral ganglion : > 280 ; c. Transverse section 
of an embryo in Stage 5, passing through the rudiments of the pedal ganglia : xl20; 
d. Portion of (c), showing the delamination of the pedal ganglion rudiment from the 
wall of the foot: x280; e. Transverse section of an embryo in Stage 5, passing 
through the rudiments of the intestinal ganglia : x 232 ; /. Transverse section of an 
embryo passing through the visceral sac rudiment and showing the differentiation of 
the visceral ganglion from the body-wall of .the right side: X232 ; n. Transverse 
section of an embryo, showing the cerebral ganglion and the buccal ganglion : x80; h. 
Transverse section of an embryo passing through the cerebral and buccal gunglia, and 
showing the cerebral pair moving inwards and lying parallel to each other: x80; i. 
Reconstruction of $ few transverse sections of an embryo, showing the changed posi¬ 
tions, as a result of torsion, of the left (irifra-intestinal) and right (supra-intestiiial) intes¬ 
tinal ganglia : x 80 ; j. Transverse section of an embryo in Stago 10, passing through the 
cerebral and buccal ganglia, and showing the cerebrafganglia moving towards each other 
above the buccal cavity: x47; k. Transverse section of the same embryo as in 
(j), passing through the pedal ganglia and showing the formation of the first and Recond 
pedal commissures : x47; l. Transverse section of the same embryo as in (j), passing 

through the pleural ganglia: X47 ; rn. Transverse section of the same embryo as in 
(j), passing through the infra-in tesiinal ganglion which now lies on the right side of the 
embryo. x47. n. Transverse section of the same embryo as in (j), passing through 
the supra-intestinal ganglion lying on the left dorsal side and above the posterior rudi¬ 
ment- of the digestive gland : x 47 ; o. Transverse section of the same embryo as 
in (j), passing through the visceral ganglion lying between the roof of the pericardium 
and at the extreme left end of the mantle-cavity : X 47 ; p. Sagittal section (left 
of the median line) of an embryo in Stage 10, showing the formation and the relative 
portion of the cerebro-podal and cerebro-pleural connectives : x47. 
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below the velum at a level higher than and posterior to that of the 
rudiments of the pedal ganglia, and constitute the first rudiments of 
the pleural ganglia. 

In the next stage in which the first rudiment of the radular sac is 
already evident (Stage fi), a number of cells arc laid on either side of the 
junction of the rudiment of the radular sac with the oesophagus. These 
cells arise from the columnar cells lining the walls of the fore-gut, and 
are thus ectodermal in origin. They are the rudiments of the buccal 
ganglia. Unfortunately, l have not been successful in obtaining sections 
in which the cells of these rudiments can be observed in a delaminating 
state ; in my sections the cells are already laid against their place of 
origin. By the time of the appearance of these rudiments of the buccal 
ganglia, the cerebral, the pedal and the pleural ganglionic rudiments 
have not yet completely separated from their places of origin. 

The first rudiments of the intestinal ganglia are differentiated about 
the same time as those of the buccal ganglia. Just before the differentia¬ 
tion of these rudiments, the ectodermal cells of the ventro-lateral sur¬ 
faces of the body-wall, almost at the junction of the k * Kopffuss ” with 
the visceral-sac rudiment, become differentiated from those of the rest 
of the body-wall by becoming tall and columnar. On further develop¬ 
ment, these cells multiply and form two ectodermal thickenings, one on 
each side, in the region of the hinder end of the stomach (Text-fig. 24c). 
These thickenings are almost symmetrical in position and consist of 
more than one layer of cells. As development proceeds, cells are delami¬ 
nated from the inner surfaces of these thickenings and form the first 
rudiments of the intestinal ganglia. 

Of all the rudiments, that of the visceral ganglion is the last to 
appear, and is differentiated immediately after the origin of the intestinal 
ganglia. In an embryo in Stage 5, a part of the right wall of the visceral- 
sac rudiment, situated just posteriorly but dorsally to the level of the 
pericardium, which also lies on the right side, becomes differentiated 
by its constituent cells becoming tall and columnar. These cells soon 
proliferate and delaminate inwards a sheet of compact cells stretching 
lengthwise in an antero-posterior direction : this sheet of cells is the rudi¬ 
ment of the visceral ganglion which, unlike the rudiments of other 
ganglia, is single and unpaired (Text-fig. 24/). 

Thus, by the time of the differentiation of the visceral ganglion, the 
rudiments of all the ganglia are laid. All these rudiments are ectodermal 
in origin and the delaminated cells forming these rudiments originate 
always from tall columnar cells. Tn the case of the cerebral, the buccal, 
the pedal, and the pleural ganglia, the cells are already columnar in shape, 
but in the case of the intestinal ganglia afld the visceral ganglion, the 
cells are at first small and cubical, and become tall and columnar only 
at the time of the differentiation of these ganglia. 

The rudiments of the different ganglia, even after their complete 
delamination, remain at first thickly pressed against their respective 
regions of origin, but can be easily distinguished, as the latter again 
become single-layered, and acquire a distinct outline. 

The rudiments of the cerebral ganglia are the first to detach them¬ 
selves completely from the head plates, while the rudiments of the pedal 
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and pleural ganglia are still attached to their respective places of origin. 
After being detached, the thin sheets of cells of the cerebral ganglia 
begin to thicken at about their middle on each side (Text-fig. 24A). 
When an increase in length takes place in the anterior part of the embryo, 
it appears as if the rudiments of the cerebral ganglia are being gradually 
pushed back, but in reality they maintain their position. They are as 
yet irregular in shape and consist simply of two masses of cells which, 
on account of their vertical position, lie parallel to each other and to 
the median axis. Soon, however, they extend along the inner side of 
the roof of the head-vesicle and become convexly arched and, at the 
same time, move slightly inwards. 

The pedal and pleural ganglia have, meanwhile, become further 
differentiated, hut from the time of their origin, the boundaries of these 
two ganglia cannot be marked off from each other, as the two form a 
common diffused mass of ganglion-cells. Tn transverse sections of the 
“ Kopffuss these ganglia appear as long thread-like structures placed 
against the lateral walls of the foot. The pedal ganglia lie at the anterior 
lower part of the foot, and when the latter flattens at its antero-ventral 
end, these rudiments come to lie nearer, at the junction of the basal 
and the lateral walls of the foot. The pleural ganglia grow just behind 
the pedal ganglia but a little dorsally to them. While in their early 
stages they lie along the lateral walls of the foot, in the later stages 
they appear to move away from these walls, and thus their longitudinal 
axes make acute angles with the median axis of the embryo. The 
pleural ganglia fusing with the pedal ganglia form the characteristic 
pleuro-pedal ganglionic masses, one on each side of the median line. 

"The rudiments of the buccal ganglia have, by this time, become 
compact masses of cells. They remain, however, at their original posi¬ 
tion and do not shift in any direction. They lie almost in the same 
transverse plane as the cerebral ganglia (Text-tigs. 2 4g, //), while the 
pedal and pleural ganglia are situated more or less posteriorly. 

During the course of development represented in the abovementiond 
stages, the rudiments of the intestinal ganglia still consist of a small 
number of cells which no longer occupy their original positions, but 
have shifted a great deal as a result of torsion. The left ganglion shifts 
inwards towards the median plane directed more or less towards the 
anterior end, while the right ganglion shifts upwards on the right side 
and lies a little posteriorly to the left one. Text-fig. 24/ is a reconstruc¬ 
tion from a few consecutive sections of an embryo and shows the 
positions of the two intestinal ganglia. The rudiment of the visceral 
ganglion still lies on the right wall of the visceral sac rudiment to¬ 
wards its dorsal side, and though it has completely separated from its 
place of origin on the body-wall, it has not yet receded into the interior. 

The next stage of development to be described is an embryo (Stage 
10) in which complete torsion has just taken place ; the rudiments of the 
eyes and tentacles are already formed and the foot has flattened ventrally 
along its entire* length. Some of the ganglia, viz ., the cerebral, pedal, 
pleural and intestinal, lie towards the interior at some distance away 
from the body-epithelium. These ganglia are now well differentiated, 
and fibrous cells (neurofibrils) are already formed within them. 
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Text-fig. 24; is a transverse section which shows the cerebral ganglia 
advancing dorsallv towards the median line to meet each other at their 
anterior ends through a string of cells which constitutes the rudiment of 
the cerebral commissure. This rudiment is not shown in the figure as it 
lies in the sections immediately preceding it, where it is seen to arise 
from the inner surface of the anterior end of each ganglion to meet in the 
mid-dorsal line above the pharyngeal mass. The figure shows that each 
cerebral ganglion, while it is thickest in the middle especially opposite 
the rudiment of the tentacle, thins out at its two ends and thus appears, 
in a transverse section, triangular in shape with the apex of the triangle 
directed dorso-laterally. At this stage the cerebral ganglia extend 
posteriorly up to the region of the eye rudiments. The first rudiment 
of the cerebral commissure, which is well developed bv now, is laid down 
in Stage 9. Some of the peripheral ganglion-cells from each ganglion 
advance towards the interior and are so arranged as to form rudimentary 
strings which proliferate and advance inwards, till finally the two rudi¬ 
mentary strings projecting from the opposite ganglia meet each other 
at about the median line of the embryo and thus give rise to a thin cord 
of cells, which on further development forms the cerebral commissure. 
No mesenchyme cells lying scattered within the body-cavity take part 
in the formation of this commissure. Similarly, a nerve arises from the 
outer or dorso-lateral part of each cerebral ganglion and advances to¬ 
wards the tentacle rudiment to form the tentacular nerve. 

The buccal ganglia are well developed and are connected together 
through a buccal commissure, which lies behind the radular sac and 
beneath the oesophagus. 

Text-fig. 24 k is another transverse sect ion of the same scries passing 
through the pedal ganglia which now lie in the same vertical plane as 
the eye rudiments, and have moved inwards both from the lateral as well 
as the ventral walls of the foot. A delicate cord of the ganglion-cells, 
arising in the same way as the rudiment of the cerebral commissure, 
connects the inner dorsal ends of these ganglia and thus forms the rudi¬ 
ment of the first pedal commissure. Similarly another cord of cells 
lying below the first pedal commissure joins the inner ends of the antero- 
ventral regions of the pedal ganglia, and forms the, rudiment of the 
second pedal commissure. A comparison of these commissures with 
the cerebral commissure at once convinces us that the latter originates 
much earlier than the former. Nerves arise both from the antero-ventral 
and the postcro-ventral ends of the pedal ganglion on each side—the 
former are the anterior pedal nerves and run forward to supply the 
anterior part of the foot, while the latter represent the rudiments of the 
main trunks of the pedal nerves which extend right up to the posterior 
end of the foot. The pedal nerves arise from the antero-lateral sides of 
these main trunks. 

The pleural ganglia (Text-fig. 24/), like the pedal, are well developed 
and are completely fused with the latter at their postero-dorsal surfaces. 
The pleural ganglia, however, can only be differentiated from the pedal 
by their relative positions as well as by the fact that the median axis 
of each pleural ganglion lies slightly to the outside of that of the pedal 
ganglion of the same side. Besides, the pleural ganglia are obliquely 
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placed and form acute angles with the median axis of the embryo. They 
taper posteriorly and continue as the connectives which join them 
with the intestinal ganglion and the visceral. The relative positions 
of the pleural and the pedal ganglia can be easily understood by a com¬ 
parison of Text-figs. 24 A; and /. The statocysts are now closed vesicles, 
but they still lie dorsallv and just posteriorly to the pleural ganglia. 

The first rudiments of the eerebro-pedal connectives (Text-fig. 24 p) 
are also laid down at this stage by the meeting together of the ganglion- 
cells which project both from the cerebral as well as from the pedal 
ganglia of the same side, and now form a delicate string of cells. Almost 
simultaneously with the formation of the rudiments of the eerebro- 
pedal connectives, another string of cells becomes differentiated and 
connects each cerebral ganglion at its postero-ventral end with the 
antero-dorsal end of each pleural ganglion; this forms the rudiment of 
the cerebro-pleural connective. Each cerebro-pleural connective lies 
postero-dorsallv but almost parallel to the eerebro-pedal, the two con¬ 
nectives serving to differentiate the pedal and the pleural ganglia from 
each other. 

As a result of complete torsion, the intestinal ganglia undergo a 
complete change of position; the morphologically right intestinal 
ganglion (i.c. y the ganglion on the right ventro-lateral side at the time 
of its differentiation) passes over to the left dorsal side and is now topo¬ 
graphically the left, and is known as the supra-intestinal ganglion (Text- 
fig. 24 n). The morphologically left intestinal ganglion now lies on the 
right ventral side and is, therefore, known as the infra- or sub-intestinal 
ganglion (Text-fig. 24m). 

Similarly, as the dorsal part of the visceral sac (—mantle rudiment) 
comes to lie on the left side, the visceral ganglion, which was formerly 
on the.right side and dorsal to the mantle-cavity, now comes to lie between 
the floor of the mantle-cavity at its extreme left and the roof of the 
pericardium (Text-fig. 24o). However, unlike the other ganglia, it does 
not recede into the interior, but remains closely applied to the wall of 
the mantle-cavity as a ribbon-like structure. 

In the next stage of development (Stage 11), in which the rudiments 
of the eyes as closed vesicles have appeared, the various ganglia have 
developed further, and all the commissures and connectives have been 
laid down. The cerebral ganglia extend posteriorly, slightly beyond 
the eye rudiments, and the two ganglia are connected with each other 
anteriorly through another commissure running beneath the buccal 
mass, which is the rudiment of the labial commissure (Text-fig. 256), that 
is quite slender as compared with the strong and band-shaped cerebral 
commissure. A nerve arising from the cerebral ganglion runs down¬ 
wards and inwards and then curves upwards to join the buccal ganglion 
of its own side and its latero-ventral end. This is the rudiment of the 
eercbro-buccal connective which lies behind the plane of the cerebral 
commissure (Text-fig. 256). 

The cerebral ganglia have receded to their innermost limit and lie 
almost pressed against the buccal mass anteriorly. The tentacular 
nerves arising from the cerebral ganglia’ are well developed and run 
through the substance of the tentacles. The eye rudiments lie closely 
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pressed against the outer margins of the posterior part of the cerebral 
ganglia, but there is no indication as yet of the optic nerves. 

The pedal ganglia develop further and approach each other closer 
than in the preceding stage. The first pedal commissure develops 
further and becomes band-shaped, but the second pedal commissure 
remains slender. Both the* commissures are situated immediately 
behind the plane of the eye rudiments. The statoeysts, which have 
shifted further downwards and inwards, now lie pressed against the 
outer margins of the pleural ganglia, immediately behind and more or 
less dorsally to the first pedal commissure. Text-figs. 25 r, d represent 
sagittal section of an embryo of this stage (Text-fig. 5 d) passing through 
the supra-intestinal ganglion and apart of its connective with the left 
pleural ganglion, and the cerebro-pedal and the cerebro pleural connec¬ 
tives . 



Text-fiu. 23. More stages ii the development of the ikivous system. 
a. Sagittal section (right ol the median line) of the same embryo as in Te.tt-lig. 
2(Stage 10), showing the fusion of the pedal and pleural gang 1 !.* to form tho pleuro- 
pedal ganglionic mass: v 20 ; b. Transverse .-eetion of the embno in Stage 11, passing 
through the plane of the cerebro-buccal connectives, the labial commissure, and the 
tentacular nerve : >39; r. Sagittal section (right cf the median line) of an embryo in 
Stage 11, showing the fusion of the infra-intcstinal ganglion with the plcuro-pedal gang¬ 
lionic mass: v 39 ; d. Sagittal section (left of the median line) of an embryo in Stage 
11, showing the cerebro-pedal and rerebio-ph uml connectives, and a part, of the supra- 
intestinal nerve meeting the pleural ganglion: 39: e. Oblique sagittal section (left 
of the median line) of an embryo in Stage 11, pa sing through the supra-intestinal gang¬ 
lion, and a part of the supra-intestinal none iiimtftig downwards: > 39; /. Transverse 
section of an embryo in Stage 12, passing through tho cerebral commissure, the ccrebro- 
buccal connectives and the tentacular nerve: >.39; y. Transverse fection of the same 
embryo as in (f), showing the first pedal commissure, the slender .second pedal commis¬ 
sure, and the position c f the statoeysts: X 39 : h. Sagittal seel ion (left of the median 
line) of an embryo in Stage 12, showing the relative position of the supra-intestinal 
ganglion in relation to other organs. The section passes through the plane of the oh- 
phradium, tho heart, the kidney and the opening of the stomach into 1 lie intestine : x 39. 


The infra- or sub-intestinal ganglion lying on the right side has shifted 
forward and has almost joined the posterior end of the pleural ganglion 
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of its own side. Text-fig. 25e is a sagittal section passing through an 
embryo of this stage and shows the union of the infra-intestinal ganglion 
with the postero-dorsal part of the right pleural ganglion, dorsally and 
slightly posteriorly to the statocyst. 

Text-fig. 25/ is a transverse section of an embryo in Stage 12 (Text- 
figs. 5/, II, 25 A and 20a, 6) and passes through the region of the 
cerebral commissure and the eerebro-buccal connectives. The inner 
surfaces of the triangular cerebral ganglia are. almost flat, while their 
outer surfaces are steeply arched. The optic nerve arises from the 
ventro-lateral area of the posterior part of the cerebral ganglion. Text- 
fig. 25 g is still another section of the same series and shows that the 
statocysts have further sunk into the substance of the foot and now lie 
closely pressed against the pedal ganglia, at the level of the posterior 
limit of the band-shaped first pedal commissure and the second pedal 
commissure, which lies immediately behind and a little ventral to the 
extreme posterior club-shaped end of the radular sac. The infra- 
intestinal nerve running transversely, connects the left pleural ganglion 
with the right. 

The supra-intestinal ganglion comes to lie on the left dorsal side, 
while the infra-intestinal ganglion fuses with the pleuro-pedal ganglionic 
mass of the right side. 

Text-fig. 26c is an obliquely transverse section also of an embryo 
approximately in Stage 12. It shows the connection of the left pleural 
ganglion with the supra-intestinal ganglion through the left pleuro-supra- 
intestinal connective. The osphradio-pallial nerve is seen leaving the 
side of the pleuro-supra-intestinal connective and running dorso-late rally 
backwards to innervate the osphradium. The supra-intestinal nerve 
runs obliquely across the anterior lobe of the digestive gland, and con¬ 
nects the right pleural ganglion with the supra-intestinal ganglion. 

As regards the positions of the various ganglia, they can be best 
understood by examining text-figs. 25//, and 26a, 6 which represent a 
series of sagittal sections of an embryo in Stage 12, passing from the left 
to the right side. Text-fig. 25/? passes through the supra-intestinal 
ganglion lying on the left side of the embryo, below the mantle-cavity 
but anteriorly to the pericardium ; it shows a part of the left supra- 
intestinal nerve which is connected anteriorly with the supra-intestinal 
ganglion of its own side the left), which lies to the right of the plane 
of this section. Text-fig. 26a passes through the left cerebral and pleuro- 
pedal ganglionic, mass ; it shows the cerebro-pedal and the ccrebro- 
pleural connectives of the same side running postero-ventrally to connect 
the cerebral ganglion with tin' pedal and pleural ganglia respectively ; 
the cerebro-pedal connective lies anteriorly and slightly internally to 
the cerebro-pleural connective which is thicker and stronger than the 
former. Text-fig. 266 passes through the right pleuro-pedal ganglionic 
mass ; and shows its fusion with the infra-intestinal ganglion. The three 
ganglia, namely, the pedal, the pleural and the sub-intestinal, arc 
marked off from one another through slight constrictions as shown in 
text-fig. lla. 

Text-fig. 2Or/ is an obliquely transverse section of an embryo in 
Stage 12, passing through the entire length of the cefebro-pedal connect 
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tives. A study of this series of sections shows that whereas the tenta¬ 
cular nerve arises from the dorso-lateral part, of the cerebral ganglion, 
the optic nerve, leaves the ganglion at its ventro lateral part and ascends 
obliquely to reach the inner part of the optic vesicle of its own side and 
lies posteriorly to the tentacular nerve. Another nerve originating 
from the vent ro-1 ate ral surface of the cerebral ganglion, just vent rally 
to the origin of the optic nerve, runs downwards to reach the dorsal 
part of the statocyst of its own side (Text-fig. 2 Cxi). Text-fig. 26c passes 
through the cerebro-pleural connectives which lie behind the cerebro- 
pedal connectives (Text-fig. 15&) and connect the postero-ventral part 
of each cerebral ganglion with the inner antero-dorsal surface of the 
pleural ganglion. 

Text-fig. 26/passes through the supra-intestinal ganglion. Unlike 
text-fig. 13c, in which the supra-intestinal nerve crosses over the anterior 
lobe of the digestive gland obliquely and joins tin? infra-intestino-pleuro- 
pedal ganglionic mass of the right side, this nerve here runs downwards 
and crosses over the oesophagus to pass over to the other side, since 
the anterior lobe of the digestive gland has disappeared by this 
time. 

Unfortunately, 1 have not been able to trace the development of 
the intestino-visceral connectives, i.e., the supra-intestinal visceral and 
the infra-intestinal visceral connectives of the adult. Thus 1 cannot 
say definitely "whether they are formed in very early stages or later. 
They are so thin and slender as to make it very difficult, to distinguish 
them from the surrounding mesenchyme cells. 

Previous work and discussion. — All the ganglia arise independently as 
cell-thickenings and are of an ectodermal origin. With the exception of the 
unpaired visceral ganglion, they are paired structures. In Pila , unlike 
Paludina , Liltorina, etc., the cerebral and the pleuro-pedal ganglia arise 
much earlier than the rudiments of the eye and the statocyst respective¬ 
ly. It ip only the intestinal ganglia and the visceral ganglion which are 
affected by torsion. The rudiments of the intestinal ganglia arise ventro- 
laterally almost at the junction of the <l Kopflfuss ” with the visceral sac 
rudiment, and are symmetrical, but they become asymmetrical with the 
progress of torsion, so that the rudiment of the right intestinal ganglion 
is carried dorsally and comes to lie more or less on the left side of the 
median plane of the head-vesicle. The rudiment of the left intestinal 
ganglion is carried ventrally and to the right and then shifts anteriorly, 
with the result that it comes to lie (dose to the right pleural ganglion 
with which it fuses to form the sub- or infra-intest.ino-pleuro-pedal 
ganglionic mass. The unpaired visceral ganglion, on the other hand, is 
delaminated from the epithelial thickening <ff the right side of the mantle 
rudiment and, on the completion of torsion, comes to lie against the 
extreme left end of the mantle-cavity, dorsally to the pericardium. 

The various commissures and connectives arise secondarily after all 
the ganglionic rudiments have become differentiated, and are formed 
by the peripheral cells of the ganglionic rudiments projecting and 
advancing towards each other and thus giving rise to strands of cells, 
which later develop into “ commissures ” in the case of those ganglia 
where the strands connect the components of the same pair and 
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“ connectives ” in the case of those ganglia where the strands connect 
different ganglia of the same side. 

All recent work has shown that the nervous system in all the Gastro¬ 
poda is of an ectodermal origin (Salensky, Haddon, MacMurrich, Schmidt, 
Henchman, Ihering, Erlanger, Delsman, Anderson, and others). 
Bobretzky (1877) in Fusus concluded that it was mesodermal in origin. 
But as MacMurrich (1886) and Rabl (1883) have rightly" pointed out, 
Bobretzky reached wrong conclusions because of the fact that he worked 
on older embryos and, therefore, could not s ( *c the delamination of the 
nervous mass from the ectoderm. Fol (1876). though believing in the 
mesodermal origin of the nervous system in ITeteropoda, describes the 
origin of the mesodermal masses (which give rise to the pedal ganglia, 
etc.), from the ectoderm itself. 

With regard to the manner of the origin of the nervous masses, all 
observers are agreed that, with the only exception of the cerebral ganglia 
in some forms belonging to different groups of the Gastropoda, all the 
ganglia arise at first as ectodermal thickenings which are delaminated 
later to give rise to the rudiments of the various ganglia almost in the 
same manner as has been described by me in Pi/a. The cerebral ganglia 
have been observed to arise, wholly’ or partly, in some Gastropods like 
the Pteropoda, land-Pulmonates (m„ Heli.r , Arion. Li mar) and 
Verm Plus, as ectodermal invaginations in the area corresponding to the 
head plates. These invaginations, one on either side 1 , become deeper 
and form tubular structures, the so-called cerebral tubes (Sarasins, 1887) 
which are, later, detached from the ectodermal wall and develop into 
cerebral ganglia (Fol, Sarasin, Henchman, Schmidt, Meisenheimer, 
etc,). It is stated that the cerebral-tubes alone do not form the cerebral 
ganglia but that they are fused at their inner blind ends with surrounding 
ectodermal cell-growth which is already delaminated from the head 
plates-to give rise to the cerebral ganglia. Whatever may be the true 
state of affairs, this much is certain that the cerebral-tubes do take part 
in the formation of the cerebral ganglia. In no other ganglion has this 
invagination been observed. 

Again, all recent workers are almost unanimous that the various 
ganglia arise separately and directly' from the ectoderm and become 
connected with one another through commissures and connectives. 
They have thus denied the existence of a single common median rudi¬ 
ment for the paired ganglia. There are, however, a few exceptions. 
According to Delsman (1914), the pleural ganglia in Littorina do not 
arise separately 7 and independently but as outgrowths of the cerebral 
ganglia, and are not sharply’ marked off from the latter ; they’ are thus 
the two ganglia differentiated through a constriction kk (einschnurung) ” 
of the common rudiment of the cercbro-pleur.il ganglion. Similarly, 
Heath (1916) describes that in Crcpidula adunra ‘‘ the buccal ganglia 
are the only ones that do not directly arise from cells migrating from the 
overlying ectoderm ; on the other hand, they give clear evidence of 
being products of the cerebral ganglia ”, Although Erlanger (1891) 
describes a separate origin of the cerebral and pleural ganglia in Paludina , 


1 In Helix waltoni , according to P. & F. Sarasin (1887) there arc two suoh invagina-, 
lions on each side. 
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Anderson (1924) describes these ganglia as formed from a common 
rudiment. 



Text-fig. 26. Still more stages in the development of the nervous system. 

a . Reconstruction of sagittal sections of an embryo in Stage 12, passing through 
the cerebro-pedal and cerebro-plcurai connectives: x29 b. Sagittal section (right of 
the median line) of an embryo in Stage 12, showing the complete fusion of the infra- 
intestinal ganglion with the right pleuro-pedal ganglionic inass and the formation of 
the columellar muscle: x29; e. Oblique transverse section of an embryo in Stage 12, 
passing through the pleuro-supra-intestinal connective and the origin of the osphradio- 
pallial nerve: x29; d. Oblique transverse section of an embryo in Stage 12, passing 
through the cerebro-pedal connective: x29; v. Another obliquely transverse section 
of the same series as in (d), passing through the plane of the eerebro-pleural connective : 
x29; /. Transverse section of an embryo in Stage 12, passing through the supra-intes- 
tinal ganglion, and the ospliradium : x29; (/. Sagittal section of an embryo in Stage 
12, showing the posterior part of the oesophagus opening into the stomach within the 
visceral sac : X 29. 

Lastly, with regard to the origin and formation of the commissures 
and connectives, all the authors, with the exception of Delsman (1914), 
agree that these arise from the peripheral cells of the ganglionic masses 
and, as they grow, extend across the spaces between the ganglia to meet 
similar cell-growths of either the same ganglion of the opposite side 
(commissure) or a different one of the same side (connective). Thus 
at first slender cords of irregularly arranged cells are formed which can 
be hardly distinguished from the surrounding cells. These commissures 
and connectives become distinct, only when the fibrils are laid down 
within them. Anderson (1924) is, however, not definite as to whether 
the commissures and connectives arise in the manner described above, 
or are formed, even though partly, by direct delamination from the 
ectoderm, like the ganglia. He observed that in the early stages of 
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Paludina , at the time of formation of the rudiments of the cerebral 
commissure, the ectodermal wall lying between the rudiments of the 
cerebral ganglia also becomes many (‘ells thick, but after the differentia¬ 
tion of the cerebral commissure, the ectodermal wall becomes single- 
layered again. 

Delsman (1914) holds quite a different view. According to him, the 
ganglion, as a result of growth, becomes differentiated into a centrally 
situated fibrous mass, the neurofibriJs, surrounded by ganglionic cells 
in which the nuclei are prominent and are thickly concentrated. In 
consequence of the strong growth, the two ganglia of each pair touch 
each other mesially and at the place of their meeting a bundle of nerve- 
fibres arising from the centrally situated fibrous mass penetrates through 
the surrounding layer of ganglionic cells to pass outwards to reach the 
other ganglion. In this way, the commissures are formed. As regards 
the formation of the connectives, Delsman holds a more or less different 
view. He says that in the embryo, though the different pairs of ganglia 
do not touch each other, they are also not far distant from one another. 
Here also a bundle of nerve-fibres arising from the neurofibrils pierces 
through the surrounding nuclear layer to go out and grow towards the 
other ganglion. 


H. The Receptor Organs . 

In Pila there are five localised receptor organs. Four of these, 
viz ., the statocysts, the eyes, the tentacles and the labial palps are 
paired, while the fifth, viz., the osphradium (Spengel’s organ) is un¬ 
paired. Unlike some other Gastropoda, such as Paludina (E danger 
1891), Littorina (Delsman 1914), in Pila all these organs appear after 
the formation of the nerve ganglia. 

The Statocysts. 

The rudiments of the statocysts are the earliest to appear as two 
ectodermal thickenings (Text-fig. 27a) which soon develop, first into flat 
plates and then into depressions (Text-fig. 276) in the ‘ k Kopffuss ” region 
at the base of the foot, a little posteriorly to the velum (Stage 8). The 
epithelial cells lining each depression increase in size, and multiply 
rapidly so that the invagination becomes deeper and tubular, although 
it still opens widely to the outside ' (Text-fig. 276). These rudiments 
of the statocyst are placed obliquely and are directed inwards and down¬ 
wards. The cells lining the walls of each invagination are not equal in 
size, those situated at its inner blind end being taller than those towards 
the outer opening (cf. Paludina , Erlanger, 1891). 

As development proceeds, these invaginations become constricted 
off from the epithelium, and form closed vesicles lying beneath the 
continuous epithelium of the foot (Text-fig. 27c). The lumen of the 
statocyst is still narrow and tubular, and the difference in size of the 
cells forming its walls still persists. 

With further development, the statocysts begin to shift inwards and 
downwards so that not only does each statocyst he a short distance 
away from the epithelial wall, but a change also takes place in its shape. 
It now assumes an oval appearance due to a widening of its lumen, and 
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all its cells become more or less alike. It is still situated between the 
ventro-laternl wall of the digestive gland and the foot-epithelium, but 
is now surrounded by a few scattered mesenchyme cells. 



Thxt-fiu. 27. Development the Htatocynt. 

a. Section of the wall of the k ‘ Kopffuss ” of an embryo in Stage 8, showing the 
depression to form the rudiment of the statoeyst: xT.H); b. 'transverse section of an 
embryo in Stage 8, showing the position of the statoeyst rudiment: Xl70; c. Trans¬ 
verse section of an embryc passing through the statoeyst which is now a closed vesicle 
lying againstr the “ Kopffuss” epithelium : > 340. 

With further growth, the statoeysts become large while their cells 
become cubical and uniform in size. They shift more and more inwards, 
till they finally come to lie against the outer surfaces of the pieuro- 
pedal ganglionic masses. The outer surface of each ganglionic mass 
shows an indentation or depression for the statoeyst (Text-fig. 2 Hf), but 
in spite of this close association between the two structures the statoeysts 
are not innervated by the pleuro-pedal ganglia. On the other hand, 
a nerve arising from the outer ventro-lateral margin of each cerebral 
ganglion runs downwards to innervate the statoeyst of its own side, a 
part of this nerve going to the left statoeysts being shown in Text-fig. 28/. 
This marks the final position of the statoeysts. Hereafter they grow 
in size and statoliths are secreted within them. It has been observed 
that in embryos of Stage 12, a single calqureous or horny particle (stato¬ 
lith) or many particles (statoconia) may be present. As development 
proceeds, the statoeysts become larger so that in a newly hatched animal 
these organs are large and thin-walled, the cells becoming quite flattened. 
In an embryo which is ready to hatch the diameter of these statoeysts 
is about 187[z. 

Previous work and discussion .—Semper (1862) described the forma¬ 
tion of the statoeysts in Ampullaria (Pita) polita but did not make 
any mention of the exact process of its development. Similarly, Scott 



300 Records of the Indian Museum. f Vol. XLTV, 

(1934) has only described the time and stage in which these organs 
appear, without making any mention of their mode of origin. Semper 
described the otoliths (statoconia) appearing as amorphous granules 
which gradually become larger and crystalline. He was able to count 
as many as 40 such crystalline otoliths in an advanced stage. Scott 
counted 14 in a stage where the statocyst is 85pt in diameter. 

In most Gastropoda the statocysts, as in Pila , originate as ectodermal 
invaginations, e.g., in Patella (Patten, 1885), Lymnaea (Wolfson, 1880), 
Paludina (Biitschli, 1877; Erlanger, 1891), Marine Prosobranchs (Salensky, 
Bobretzky, Patten, Conklin), Bythinia (Erlanger, 1892) and Physa 
(Wierzcjski, 1905). In Planorhis , Rabl, considered it to be formed by 
invagination, though he was not quite definite at all about this. On the 
other hand, Limax Maximus (Henchman, 1890 ; and Meisenheimer, 1898) 
and Littorina (Delsman, 1914) show a different method of its formation. 
In these cases^ each statocyst arises through a process of cell growth 
(“ wucherung ”), the cells being constricted off from the ectoderm as a 
solid mass, in which a lumen develops later. 

The Eyes. 

The eyes appear later than the statocysts (cf. Littorina . Delsman, 
1914 ; Paludina, Erlanger, 1891), at a stage in which the torsion is just 
complete (Stage 10). The head plates become thickened about their 
middle and form two thick plates of tall, cylindrical cells. On each 
plate there appears a depression which forms the first rudiment of the 
eye (Text-fig 28a, h). The eye rudiments appear simultaneously with 
the tentacular rudiments, the former arising on the outer and posterior 
sides of the latter. The cerebral ganglia, now connected with each other 
through a Cerebral commissure, lie between the rudiments of the eves 
and the digestive gland. The eye rudiments, therefore, arise in very 
much the same way as the statocyst rudiments. 

As development proceeds, the eye depression deepens. However, 
unlike the statocyst, the cavity of the eye invagination is never narrow, 
but remains w r ide from the beginning up to the stage shown in 
Text-fig. 28c. Here, as in the case of the statocysts, a difference in the 
size of the cells is noticed (Text-fig. 28c), the cells forming the base of 
the cavity being tall and cylindrical, while those towards the outer ends 
and continuous with the cells of the epithelium being smaller in size. 
In Text-fig. 28c, the invagination shows a deep cavity which is not 
yet completely separated off from the epithelium of the head plate. 
The inner wail of the eye rudiment is nearly flat, with the result that 
the cavity is broader towards the inner wall, but gradually narrows 
down towards the outer, where it communicates with the outside 
through a narrow aperture. The cavity thus appears triangular in 
shape. 

In the next stage (Text-fig. 28(f), the eve rudiment has been completely 
constricted off from the surface epithelium, which now forms a conti¬ 
nuous layer over the eye vesicle and consists of squarish cells. The 
eye vesicle is a spherical sac with a rounded cavity. The cells of the 
inner wall of the vesicle have multiplied and their nuclei have shifted 
towards the periphery, but the cells of the outer wall remain small and 
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have centrally situated nuclei. So far, no differentiation of parts has 
taken place, except for the formation of the lens which has already 
made its appearance in its rudimentary form. The lens is secreted by 
the side walls of the eye vesicle, and is a homogeneous crystalline body 
which later becomes spherical in outline. It lies within the lumen of 
the vesicle partly attached to its outer wall. 



Text-fig. 28. Development of the eye. 

a. Transverse section of an embryo in Stage 10, showing the invagination of the 
eye rudiment: x223; b. Transverse section of an embryo in Stage 10, showing the 
rotative position of the eye and tentacle rudiments: xll2; r. Transverse section 
passing through the eye invagination which still communicates with the outside : X283 ; 
d. Section of oye, showing the formation of the lens: X283; e. Section passing 
through a fully differentiated eye of an embryo in Stage 12 : X283 ; /. Oblique trans¬ 
verse section of an embryo in Stage 12, showing the position of the eyes and showing 
a part of the nerve innervating in the statocyst: x81. 

In the next stage (Stage 12), a further differentiation takes place in 
the vesicle (Text-figs. 28 e K f). A black pigment is laid down at the inner 
ends of the tall, cylindrical (jells lining the inner and side walls of the 
eye vesicle. The pigment, sparse in the beginning,^increases in quantity 
as the inner layer forms the perceptive part of the eye, viz ., the retina. 
The oval nuclei become thickly crowded and lie towards the bases of the 
cells. The lens becomes enlarged and occupies the greater part of the 
lumen within the eye vesicle. It consists of a crystalline refractory 
substance. Fine rod-like structures develop along the inner surface of the 
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retina. The cells of the outer wall of the eye vesicle become flattened 
and their cytoplasm becomes clearer; this outer wall forms the inner 
cornea or pellucida of the eve. Similarly, the epithelium overlying this 
inner cornea forms the outer cornea, the cells of which become flattened 
in contrast to the adjacent cells which remain cubical. The nuclei of 
these flattened cells appear to be compressed dorso-ventrally and are 
hyaline in appearance, their c\ toplasm also being hyaline. The epithelia 
of the outer and inner cornea are separated from each ol her by a narrow 
space occupied by scattered connective tissue cells. The optic nerve 
has already appeared at this stage and extends obliquely from the 
cerebral ganglion of its own side to the eye. 

With further development, the eye grows in size, so that in an embryo 
about 3*4 mm. long, i.e when it is about to hatch, the diameter of the 
eye is ]90p. It lias already been described clearly that each eve is 
situated at the base of a tentacle at its postero-lateral margin, and 
is raised on a short peduncle, the ommatopliore. 

Previous work and, discussion.- -()n comparing the development of 
the eye in Pila with that of other Gastropods, it is noticed that in Pila 
(as in Paludiua , Erlanger. 181)1 ; Planorbis , Itabl, 1879; Li max. Moisen- 
heimer, 1898 ; Physa , Wierzejski, 1905), the eye arises as an ectodermal 
invagination which deepens and detaches itself from the ectoderm to 
form a rounded vesicle in which differentiation takes place later. In 
Litlorina (Delsman, 1914), on the other hand, there is no invagination, 
but a thickening is formed which, later, gets detached from the ectoderm 
as a solid, rounded growth, and later develops a cavity. 

The lens in Pila , as in Paludiua, Litlorina . and Li max, is formed as 
a cuticular deposit secreted bv the cells of the vesicle, which increases in 
size by the addition of concentric layers around it ( cf . Hilger, 1885). 
In Ampullaria polita , Semper (1802) found that the cavity of the eye- 
vesicle was full of a colourless fluid secreted by the wall of the vesicle 
before the formation of the retina. On the formation of the retina, the 
fluid turns yellowish, becomes thick and forms the lens. In Lymnaea, 
however, according to Wolfson (1880), the lens is formed in quite a 
different manner ; one cell of the wall of the eye-vesicle becomes metamor¬ 
phosed, its cytoplasm shrivels up and the nucleus becomes homogeneous 
and greatly refractory and forms the lens. 


The Tentacles. 

The tentacles arise simultaneously with the formation of the eye. 
That part of each plate which lies antero-dorsallv to the eye rudiment, 
takes part in the formation of the tentacle. At the time of its origin, 
this part of the head plate forms a small bulge at the extreme antero- 
dorsal region of the velar area (Text-fig. 286), As soon as the tentacle¬ 
forming part of the head plate bulges outwards, the mesenchyme cells 
also enter the ca vity of the tentacles and very soon some of the cells are 
transformed into muscle-fibres, which, with the growth* of the tentacles, 
become thick in texture. 

Ah development proceeds, these tentacles grow considerably in size, 
become long and tapering, and arc directed antero-dorsally as well as 
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towards the outside. Thev are lined bv columnar ectodermal cells 
(Text-fig. 28f). 

As regards the development of the tentacles, complete agreement 
prevails amongst workers in nearly all the groups of the Gastropoda. 
We can thus homologise the position and development of the tentacle* 
in Pila with those of PaluAina (Erlanger, 1891), Limas (Meisenheimer, 
1898), Littorina (Delsman, 1914), and others. 

The Osph radium. 

The osphradium is an unpaired structure which arises simultaneously 
with the formation of the gill-rudiments just after the rudiments of the 
statoevsts are laid down. In an embrvo in Stage. 8 the epithelium form¬ 
ing the. right or inner wall of the mantle, situated just above the postero- 
dorsal part of the pericardium, gets thickened into a ridge like structure 
from which the rudiments of the gill, osphradium and the lung arise 
(Text-fig. 236). A little later, when the eye rudiments begin to appear 
(Stage 10), this thickened epithelium is pushed outwards into the mantle- 
cavity as a lamellar fold, which forms the first rudiment of the osphra¬ 
dium, and lies to the left of another similar formation, viz., the gill- 
rudiment (Text-fig. 236). 



Tkxt-ficj. 2H. Development of the osphradium. 

»i. Section of <u. embryo in Stage 11, passing through the osphradial rudiment : 

- K>7 ; h. Section of embryo, passing through the osphradium which now ha* a dis- 
10ld plexus of nerves: x 157 ; r. Oblique section of the osphradium of an embryo 
about to hatch, showing its pectinate character: ' li>7. 

As development proceedt, the osphradium no longer remains lamellar, 
but changes into a more or less rounded structure (Text-fig. 29a). 

With the growth of the mantle, the osphradium is also carried for¬ 
ward along with it. As it spreads out to enclose the head-vesicle, the 
osphradium comes to occupy its final position. It hangs down like 
a frill at the anterior end of the mantle-cavity on the left side of the 
embryo, a short distance behind the free edge of the mantle. It is now 
an oval structure and is broadest in the middle ; its nerve has already 
reached its substance and is seen prominently in Text-fig. 296. 

As development proceeds, the ectodermal wall on either side of the 
osphradial rudiment is pushed inwards, thus giving rise to folds or leaflets, 
whilst the central part forms the median axis of the osphradium (Text- 
iig. 25Ah 
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Text-fig. 29c is a section of the osphradium of an embryo ready to 
hatch. The number of folds on the two sides of the central axis has 
increased, giving the osphradium a bipectinate appearance. 

The osphradium is an unpaired organ and retains its position on the 
left side throughout the course of its development. In spite of careful 
search, I could not observe any trace of a rudiment of the organ on 
the right side. According to Prashad (1925), this organ “in spite of 
its position on the left side is homologous to the osphradium of other 
Gastropods 

The Labial Palps. 

The labial palps or the anterior pair of tentacles arise last; of all. 
They appear first when the embryo has already assumed an adult 
appearance by the forward growth of the mantle enclosing the head- 
vesicle (Stages U and 12). Like the tentacles, they arise as outpushings 
of the ectoderm, at the extreme antero-dorsal end of the snout, ?.e., the 
region which bounds the mouth on its dorso-lateral sides. Tn a newly 
hatched animal they appear as “ short conical prolongations of the 
snout on the two sides of the mouth 

X. The Larval Oroans. 

In Vila globosa , as in other Mollusca, some organs of a transitory 
nature appear at one phase or another of embryonic- life. These organs 
perform their function, if any, and then disappear completely, leaving 
no trace behind. Since the organs , are met with only in the earlier 
stages of development and are not found in later embryonic stages, they 
have been termed as larval organs. In Pila, three such larval organs 
are present, viz., (1) the velum, (2) the larval heart and (3) the 
“ neck cells ” or nuchal cells. These organs do not arise simultaneously, 
but originate at different periods of embryonic life. 

The Velum. 

The velum is the first of these organs to appear at the gastrula stage, 
and transforms the embryo into a trochophore. Various workers who 
have investigated cell-lineage in the Gastropoda, such as Crepulula 
(Conklin, 1897), Plujsa (Wierzejski, 1905), Littorina (Delsman, 1914), 
have traced back the origin of the velum to the primary and secondary 
trochoblast cells, and this appears to be the general rule in all molluscs. 

The velum consists of two band-like rows of cells which in their fully 
differentiated condition, are large and transparent, and bear cilia. In 
transverse sections, the velar cells appear wedge-shaped with the broader 
ciliated surface to the outside (Text-figs. 15a and 286). To begin with, 
the velum is equatorial in direction, lying more towards the animal pole. 
Later, however, on account of the ventral protrusion of the foot-rudi¬ 
ment and the stomodaeal invagination, it becomes displaced on its 
ventral side towards the anterior end forming a curve above the mouth¬ 
opening, os a result of which two small lobe-like structures, the velar 
lobes, are formed on the antero-lateral sides, which are characteristic of 
a veliger. 
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The velum is a ciliated organ which helps the embryo to rotate within 
the egg-shell, although I have never seen these rotatory movements 
myself. The velum persists up to a pretty late stage (Stage 11), but when 
the embryo is fully developed, it becomes absorbed within the body- 
wall epithelium and disappears. The disappearance begins on the 
dorso-lateral sides and is completed before the embryo hatches out. 

The Larval Heart. 

The second larval organ is the so called larval or embryonic heart. 
In the posterior region of an embryo in Stage 6 (Text-fig. 4/), between 
the posterior part of the foot and the anus, irregular contractile move¬ 
ments are seen in the body-wall on the right side. These movements 
occur long before the definitive heart starts pulsating. It is the thin 
body-wall in this region which exhibits the pulsations in the form of 
strong movements of expansion and contraction. The position and 
functioning of the larval heart can be best studied in the living condi¬ 
tion, since after fixation this region generally evinces a systolic phase, 
and it is very rarely that a distended condition is met with. The larval 
heart consists of a bulge of the ectoderm to which a large number of 
mesenchyme cells are closely attached on the lower side. 

Although the first pulsations of tliL organ are seen in Stage 6, I am 
inclined to believe that it functions even earlier, and the pulsations have 
been overlooked on account of the opacity of the embryo and the feeble¬ 
ness of the movements. Only when this “ heart ” has developed ap¬ 
preciably and the embryo becomes more or less transparent with the 
complete absorption of the food-yolk, that the pulsations are readily 
observed. 

These pulsations have been connected with embryonic circulation 
by some authors, e.g ., Fol. (1880), who suggest that circulation of the 
body-fluid is promoted through its contractions. The larval heart 
continues to pulsate even when the true or definitive heart has begun 
its rhythmic beats. I could observe the contractile movements of the 
larval heart at a stage when it is enclosed by the forwardly growing 
mantle (Stage 11, Text-fig. 5 d). At this stage the shell covering the 
visceral sac is still thin and sufficiently transparent to allow the move¬ 
ments within to be readily seen. The duration of the Jarval heart could 
not be definitely ascertained, as the shell, becoming opaque, shuts it 
out of view, but it is certain that it disappears long before the hatching 
of the embryo. 

Semper (1862) describes in Ampullaria polila such a larval organ as 
a chamber at a place exactly comparable to that in Pila. He, however, 
describes the presence of a short muscle extending from the skin to the 
liver mass and dividing this chamber into two (of. his fig. 14 S, PI. 11). 
An examination of living embryos and whole mounts, as well as transverse 
and sagittal sections, failed to show any trace of such a muscle. Scott’s 
observations on Ampullaria canaliculata (1934) support my conclusions 
about the absence of this muscle. 

Salensky (1872) has likewise demonstrated the presence of a larval 
heart in Calyptraea, while Robretzky (1877) observed it in Nassa and 
Fusus . Fol, (1880) describes the appearance of this larval organ 
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amongst the Pulmonata , such as Helix , and similarly, Delsman (19M) 
noticed its appearance in IAttorina and Fusus . 

The Nuchal Cells. 

The third larval organ is a group of specialised cells which first 
appear within the velar area in the region of the head plates. They are 
definitely noticed for the first time, when the torsion of the embryo has 
just been completed (Stage 10). These cells arc mostly rounded in 
shape and have centrally situated nuclei containing distinct nucleoli 
(Text-fig. 30 a). They differ from the rest of the mesenchyme cells 
found scattered within the bodv-cavity not only in their much larger 
size but also in their capacity to take a deeper stain. After observing 
their constant presence within the neck region amongst the Pulmonata, 
Pol’ (1880) designated them as the “ neck-cells ” (“ cellules nucales ”). 
Since nothing definite has been established as regards their morphological 
or physiological nature, this designation has been accepted by subsequent 
authors like Krlanger (1891) and Wierzejski (1905). 



Tkxt-fto. HO. Niuhnl cells. 

n. Nuchal cells of nr. embryo in Stage 11. b. Nuchal cells of an embryo older than 
Stage 12, showing the formation of vacuoles. Both figures semi-diagrnmmatio. 


At the time of their appearance, the nuchal cells are few in number 
and are situated in the dorsal part of the head-vesicle near the part of 
the head plates lying in the neighbourhood of the posterior part of the 
cerebral ganglia. They are already arranged in a semi-circle, corres¬ 
ponding to the next stage*, of development in Paludina and P/u/sa. But 1 
belie ve that in Pihi too they probably originate as two lateral plate-like 
cell-groups in a stage immediately preceding the one under discussion, 
but are not sufficiently differentiated to be readily recognisable. These 
cell-groups extend towards each other, meet dorsally above the oeso¬ 
phagus, and finally produce a semi-circular or horse-shoe-shaped 
appearance. 

As development proceeds, these cells multiply, and spread inwards 
and downwards on either side of the radular sac, so that they lie scattered 
in the space between the body-wall and the fore-gut, right up to the lower 
end of the radular sac. The nuchal cells not only increase in number 
but also show a marked growth in their size and become more prominent. 

Later, vac uoles appear within these cells, as a result of which they 
become distended, while their shapes get distorted and irregular (Text- 
fig. 306). The vacuoles are small to begin with, but soon grow large 
and displace the nuclei from their original central position towards the 
periphery. 

A close study of these cells in various stages of development 
shows that they continue to lead an independent existence 
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without participating in the formation of any organ whatsoever, that 
they persist for some time after the formation of vacuoles and changes 
in their shape, and that they disappear completely when the embryo is 
ready to hatch. No trace of their existence lias been observed either 
in embryos ready to hatch or in the newly hatched animals. 

Previous work and discussion . -Nuchal cells have been described 
in some other fresh-water Gastropods, viz., Palndina , Bythinia 
(Prosobranchs), and Lymnaea , Planorbis , Ancylus and Physa 
(Pulmonates); but they have not been observed in the terrestrial 
Pulmonates. Wierzejski (1905). on account of their position, considers 
them to be analogous with the external kidney of the marine 
Prosobranchs. 

As regards their morphological and physiological significance nothing 
definite is known, Fol. studied them in Ancylus , Planorbis and Lymnaea 
and describes them as special mesodermal cells which have delaminated 
from the ectoderm. According to Krlanger (1891). the nuchal cells 
arise as an unpaired plate-like extension (* w verbreitung ”) in the mid¬ 
dorsal line of the posterior border of the velum, and are thus ectodermal 
in origin. Wierzejski (1905), on the other hand, describes them in 
Physa as mesodermal in origin, having been derived from the secondary 
mesoderm as a paired rudiment, close to the dorsal edges of the head 
plates which later extend towards each other in the middle line above 
the pharynx and thus form one semi-circular cell-plate. \ecording to 
him. there is no genetic relation either with tin* velum as considered by 
"Krlanger. or with tin* head plates. In Pila. so far as I have been able, 
to ascertain, the origin and development of these cells accords with the 
findings of \\ ierzejski. 

Similarly, contradictory views are held as regards their physiological 
significance. Lercboullet (1862) regarded them as nervous elements, 
while Lankester (1874) mistook them to be rudiments of cerebral ganglia. 
Fol. (1880) believes them to be remnants of a rudimentary organ. Erlan- 
ger (1891), though silent about their actual significance in Palndina , 
mentions a casual connection between the appearance of these cells and 
the absorption of the velum. Wierzejski (1905) suggests that on account 
of (1) the presence of these cells close to the primary kidneys, (2) the 
early appearance of these cells, and (8) their becoming large and 
vacuolated at the time of the atrophy of the primary kidneys, these 
cells seem to he concerned with an excretory function. Rut this view 
cannot hold good in Pila , since the nuchal cells (i) appear in later stages, 
i.r.. in Stage 10 ; (ii) are not at all related to the primary kidneys, as the 
latter are absent in Pila ; and (iii) because in Pila these cells attain their 
maximum size and get vacuolated in stages when the real kidney is 
already functioning (Stage 12). I, therefore, hold that the nuchal cells 
constitute an independent larval organ of problematic function. 

XI. The Foot. 

General Development of the Foot. 

The origin of the foot and the structural changes it undergoes have 
already been described above. The foot is composed exclusively of ecto¬ 
dermal and mosenchymatous cells. As development proceeds, the base of 
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the cone at its junction with the head-vesicle anteriorly and the entire 
anterior surface of the cone both increase in size. The posterior surface 
of the cone does not grow at the same rate. The result of this differen¬ 
tial growth is, that the area at the anterior junction of the foot and 
head-vesicle forms the anterior ascending surface of the foot, the anterior 
surface of the cone comes to form the flat sole of the foot, while the 
slow-growing posterior surface forms the postero-dorsal wall of the 
foot. The pedal cell-plate persists up to Stage 12 hut disappears later. 
When the foot has flattened (Stage 10), cilia develop on its entire 
ventral surface (Text-fig. 28 h.) These cilia are extremely fine in the 
earlier stages of their development and are evenly distributed over 
the sole of the foot. (cf. Barr, 1928 ; Roth, 1929). 

In later stages of development when the embryo has assumed a 
snail-like appearance (Stages 11 and 12: Text-figs. 5<Y, c,/), a notch- 
like invagination appears close to the extreme posterior end of the foot, 
at the junction of the sole and the posterior surface (Text-fig. 10). This 
invagination gradually deepens and extends upwards on either side of 
the foot so as to reach as far as the junction of the foot with the posterior 
end of the head-vesicle, close to the place where the latter meets the 
visceral sac. Asa result of this extension of the invagination, the poste- 
ro-dorsal part of the foot becomes raised and is distinguished as a disc- 
like structure more or less constricted from its ventral part. This may be 
called the operculigenous disc or lobe of the foot, *>., that part of 
the foot which secretes and bears the operculum (Text-figs. 10 ; 11; 
254 ; and 26a, 4, g). 

Similarly, at about this stage (i.e., Stage 12), an ectodermal invagina¬ 
tion, takes place in the anterior wall of the foot. This is notch-like to 
begin with, but soon deepens posteriorly into a small and narrow groove¬ 
like structure. This is the rudiment of the pedal gland (Text-fig. II). 

The Epithelium of the Fool. 

In the earliest stages, the cells lining the walls of the foot are all alike 
in being tall and cylindrical (Text-fig. 15a). They are closely pressed 
against one another, arc rich in protoplasm, and are provided with 
centrally situated oval or ovoid nuclei. Gradually, however, the cells 
towards the base of the conical foot become smaller than those towards 
the apex of the cone (Text-fig. 27/)). Thih change in size and shape 
proceeds dorso-veutrally, both along the anterior wall of the foot as 
well as along its lateral walls, till, finally, in a completely flattened foot 
only the cells of the sole of the foot remain tall v cylindrical and glan¬ 
dular with oval or rounded nuclei (Text-fig. 28/). The cells bounding 
the postcro-dorsal area of the foot, i.e., those forming the operculigcn- 
ous disc, remain unaffected by these changes and they retain their colum¬ 
nar and glandular character. The horny, membranous rudiment of the 
operculum is secreted by these cells in the same way as the shell is secret¬ 
ed by the shell-gland, with this difference that there is no invagination 
in the area of the operculigenous disc, and the surface remain c flat. The 
rudimentary operculum later becomes calcareous 1 . 


1 1 have, however, not followed the development of the operculum. 
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The cells lining the sole of the foot undergo a. change. Their nuclei 
move towards their bases, i.e ., towards the end opposite the one that 
bears the cilia. These cilia are not confined to the sole of the foot but 
also extend upwards along the edges of the foot, so as to reach dorsally 
the lower margin of the lateral grooves, which are formed at this stage 
as ectodermal invaginations, one on either side, occurring in the antero¬ 
lateral part of the foot close to the foot-fringe 1 . These lateral grooves 
correspond to the peripodial grooves of Arion as described by Barr (1928), 
with this difference that in Pila they do not extend as far back as the 
posterior end of the foot, but are confined to its anterior part. They 
are deeper anteriorly but gradually become shallow till they disappear 
altogether. I noticed the presence of these grooves for the first time 
in Stage 11. 

Another structure within the foot, is the columellar muscle. In 
very early stages, when the foot has just flattened at its anterior end 
(Stage 6), the mesenchyme cells become thickly concentrated in the 
posterior part of the fool. With further development, the number of 
these cells increases and they aggregate towards the left posterior side. 
When the embryo has assumed a snail-like appearance (Stage 11, Text- 
fig. 10), the cells of the aggregated mass begin to differentiate into elong¬ 
ated spindle-shaped cells with centrally situated nuclei; these are 
the muscle cells. This differentiation extends from the posterior to 
the anterior end, till nearly all the cells of the mass become transformed 
into the muscle cells. These cells form the rudiment of the columellar 
muscle. A fully differentiated columellar muscle extends over the 
entire surface of the operculigenous disc, of the foot beneath the oper¬ 
culum. in an extended foot, the muscle appears as an arched structure 
directed anteriorly with the convexity of the arch lying at the junction 
of the foot with the head-vesicle (Text-fig 11). The muscle is broad 
at its anterior end, but posteriorly it is narrow and band-like and lies 
to the left of the oesophagus. It helps in the retraction of the foot 
within the shell. 

In addition to this muscle, other muscle fibres and strands, which 
lie interspersed within the foot and cross one another, develop by the 
transformation of the mesenchyme cells and thus form the muscula¬ 
ture of the foot. 


The Pedal Gland. 

The origin of the pedal gland as an ectodermal invagination at 
the anterior end of the foot has been already pointed out. With 
further development the invagination deepens and extends backwards 
in a horizontal direction within the substance of the foot, almost parallel 
to its ventral creeping surface. It is tubular in appearance and is con¬ 
fined to the anterior part of the foot (Text-fig. 11). 

At first this tubular rudiment is lined throughout with small cubical 
cells but soon some of the cells at the inner blind end of the tubular 
invagination increase in size and sink into the subjacent connective 
tissue mass. Here they swell up into irregular oval bulb-like shapes 


1 The lateral margins of the sole are designated as the fopt-fringe. 
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with their nuclei in their swollen bases. These swollen cells vary in size 
and together form a compact mass around the posterior end of the inva- 
ginated tube, and constitute the glandular mucous cells of the pedal 
gland, while the undifferentiated tubular part functions as the canal 
for the slime secreted by the glandular cells. These secretory cells do 
not take up stains easily. 



Tbxt-fio. 31. 'I’llrot* succ,o.>si\ e stages in the development of the gland cells of 
the foot in the developing embryo. In (c) a gland cell is seen opening on the sole of the 
foot: X447. 

As development proceeds, the secretory cells increase in size and 
sink further into the subjacent mass of connective tissue, but retain 
their connection with the tubular canal through their narrower proxi¬ 
mal parts. The slime secreted by the mucous ceils is thus discharged 
directly into the secretory canal. 

Ollier 0lands of the Foot. 

* Besides the pedal gland, there are a few others found within the foot. 
I have arranged them, on the basis of their position, into three different 

groups. 

(1) The'first group includes glands that are situated in the 
neighbourhood of the lateral grooves into which they open. These 
correspond to the " peripodial glands" of Arina (Barr, 1928), and 
resemble them in form and structure and are ectodermal in origin. 
They arise almost simultaneously with Hie pedal glands and are always 
unicellular. They are mucous glands which discharge their slimy secre¬ 
tion into the lateral gLooves. From the lateral grooves the secretion 
is carried anteriorly to tins opening of the pedal gland by the cilia lining 
the outer borders of the grooves 1 . 

(2) The second type of glands are confined to the antero-dorsal part 
of the foot. The covering epithelium of this part of the foot consists 

1 Barr (1928) statos that in Avion- “ the cells discharge their munis into the* inter¬ 
cellular spaces, especially into tho>e that are situated just below the canal. From there 
the mucus passes out/ into the lumen ol the canal. This process is probably assisted 
by the contraction of the muscles which are found between the cells. Some of tho 
glandular cells (t.c., those in the root ol the canal and round its dorsal half) disebaig© 
their contents directly into tho canal’'. 1 do not soo any justification *for this view as 
the whole of tho secretion is directly discharged into the iumon of the canal itself. The 
mucous cells are of epithelial origin and sink into tho substance of the connective tissue 
but they never lose their connection with tho epithelium. In sections, one can not 
always see their connections with tho epithelium without reconstruction, and hence 
can easily bo misled to think that they discharge thoir contents into the intercellular 
spaces. Barr himself has noticed tho mucous cells in the roof oponing directly into the 
canal. 
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of tall cylindrical colls with oval or elliptical nuclei in the basal ends 
of these cells. 

In an embryo in Stage 11, some of the epithelial cells lining this 
surface sink inwards (Text-fig. 3la) and take up a deeper stain than 
that of the adjacent epithelial cells. The nuclei in these cells become 
large and round and pass into their epithelial portions. 

As growth proceeds these glandular cells sink deeper till they come 
to be imbedded in the deeper parts of the sub-epithelial mass of the 
foot (Text-fig. 31//). The proximal parts of these cells become very 
much narrowed into long tubular neck-like structures which serve as 
the ductules for the secretion to be discharged on the surface of the 
foot. On their further migration inwards, these ductules elongate and 
become tortuous in their course, with the result that one must examine 
a number of sections to trace the entire course of these cells and their 
ductules, which are continuous right up to the outer epithelium (Text-fig. 
31/>). Since these cells are continuously being differentiated from the 
ordinary columnar cells, they are seen at different stages of develop¬ 
ment and are of different sizes in the same embryo. They vary 
in shape from the vesicular to rhomboidal. 

(3) The third set of glands are confined to the sole of the foot and 
are, therefore, aptly described as the foot-sole glands. These are also 
unicellular like the others, and appear much later, when the embryo 
is ready to hatch. They arise and develop from the epithelium of 
the sole of the foot and resemble more or less the gland-cells belonging 
to the second group (Text-fig. 31c). 

Some other structures connected with the Foot. 

The lateral grooves, on either side, mark the boundary between the 
epithelium of the foot fringe and that of the lateral walls, the cells lining 
the foot-fringe and the sole being tall and ciliated, while those lining 
the lateral walls are small and noil-ciliated. 

The other structures found within, the foot are : (1) two statocysts, 
(2) the two pleuro-pedal ganglia with their commissures and connec¬ 
tives, and (3) the lower distal part of the unpaired radular sac with its 
associated musculature (Text-fig. 28 /). Of these, the first two are 
directly related to the foot because of their origin by invagination and 
delamination. from the ectodermal epithelium of the foot. These two 
structures have been separately described in the chapter on the nervous 
system and the receptor organs. 

The radular sac, however, arises from the fore-gut and develop- 
mentally is entirely unconnected with the foot. It is only due to its 
increase in length that in later stages it penetrates into the foot, lying 
between the two pleuro-pedal ganglionic masses. The musculature 
of the radular sac and the so-called supporting cartilages of the odonto- 
phorc is partly derived from the mesenchymatous cells of the foot. 

XII. The Shell-Gland and the Mantle. 

The origin and development of the shell-gland as a thickened plate 
of tall glandular cells on the postero-dorsal surface of the embryo (Text- 
figs. 4 a,b ; and 6 a) and the further changes it undergoes, firstly through 
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invagination, and secondly, through eversion and change in position, 
have already been fully described already. 

After the invagination of the shell-gland is complete there is 
an eversion of the gland. The cells lining the central, everted area 
become smaller in size and are more or less flattened, while the peri¬ 
pheral area, which is bounded on the outside by the mantle fold and the 
mantle groove, still consists of tall and columnar cells (Text figs. 9 and 
23«). This peripheral area represents the rudiment of the shell-gland of 
the adult. 

At the time the shell gland invaginates, its margin forms a raised fold 
all round the gland, the fold projecting inwards towards the centre of 
the invagination. This is the mantle fold which, in earlier stages, is 
more marked anteriorly than posteriorly (Text-fig. 4 /), with the result 
that the mantle groove, running all round beneath the mantle fold, is 
also deeper anteriorly than posteriorly. In later stages, the mantle 
fold forms the anterior free end of the mantle (Text-figs. 10 and 11). 

The rudiment of the shell is secreted first as a thin cuticular membrane 
from the shell gland when the latter still forms an invagination on the 
left side of the visceral-sac rudiment (Stage (5, Text-fig. 4/). It forms 
a thin cap-like structure covering the shell-gland. It is against the 
inner surface of this cuticular shell that the calcareous parts of the shell 
(ostracum and hypostracum) are later deposited. 

The rudiment of the mantle is differentiated from that part of the 
visceral-sac rudiment which is bounded by the mantle fold and the 
mantle groove at its free end, and is lined on its left side by tall columnar 
cells of the shell gland (Text-fig. 23a). 

On the completion of torsion, the mantle comes to lie dorso-laterally, 
and with-further growth moves forward to enclose the head-vesicle 
dorso-laterally (Text-fig. 5 d). During this period, the mantle fold 
becomes thick and the mantle groove well-defined. The central everted 
area of the shell-gland, which now consists of completely flattened cells, 
forms the outer epithelium of the visceral sac. 



Text-fig. 32. Sagittal station passing through the adult shell gland and the 
mantle groove, and she wing the glandular cells of the supramarginal ridge: X447. 


The mantle epithelium, at the free edge of the mantle, viz., the mantle 
fold, is lined by a single layer of cubical cells of uniform height, with a 
rounded nucleus in the middle of each cell. These cells continue poste¬ 
riorly and line the inner epithelium of the mantle. On the outer side 
of the mantle, however, the mantle groove (~supra-marginal groove 
of Prashad, 1932), which is still sufficiently deep in Stage 11, is lined 
with a single row of columnar cells of varying height, the cells lining 
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the anterior wall of the groove being shorter in height than those which 
line its posterior w aH. Immediately posterior to the mantle groove 
lies, as in earlier st„ *es, the rudiment of the shell-gland of the adult. 
The latter still consists of a single layer of tall columnar and glandular 
cells with a centrally situated nucleus in each cell. These cells gradually 
diminish posteriorly in their height and ^e imperceptibly into the 
small and flattened cells of the mantle (Text-fig. 10). 

In later stages of development (Stage 12), the region of the shell- 
gland becomes more marked and its surface becomes raised a little above 
that of the rest of the mantle (Text-fig. 11). This raised area forms the 
rudiment of the supra-marginal ridge (Prashad, 1928). The cells con¬ 
stituting the supra-marginal rid *e liavr become further differentiated. 
They are now taller than in the preceding stages and have sunk deep 
down into the subjacent connective tissue. The nuclei of these cells 
moving from their original central position, come to lie at the inner 
or ventral ends of the cells. The supra-marginal ridge is now restricted 
to a limited and defined area (Te*xt-fig. 11). 

With further development, the tall glandular cells of the supra¬ 
marginal ridge become swollen or rounded at their inner ends and thus 
appear more or less flask-shaped (Text-fig. *12). The ovoidal nuclei 
lie in the rounded ends of these cells, which are now arranged more or 
less in bundles, the individual cells being curved in their lower halves 
(rf. Paludina , Prashad, 1928). This curvature is due to lack of space, 
the cells being pushed sideways into the connective tissue, a view also 
held by Prashad. 

In an embryo about to hatch, some calcareous structures are found 
lying imbedded in the connective tissue at the base of these flask-shaped 
cells. They are small refractive bodies which, according to Prashad. 
gradually pass into the glandular cells of the supra-marginal ridge which 
secretes the ostracal layers of the shell. At this time pigment is found 
in the outer epithelial covering of the mantle, which extends posteriorly 
behind the supra-marginal ridge. The pigment granules 1 are confined 
to the upper parts of the ceils. It is the outer general covering of the 
mantle which is responsible for the secretion of the innermost or hypos- 
tracal layer of the shell. 

The mantle groove, (luring the course of its development, does not 
remain unchanged. Its lumen becomes reduced on account of the 
encroachment of the differentiated cells of the supra-marginal ridge 
(Text-fig. 32). 

Precious work and discussion. Semper (I8fi2) did not notice in 
Ampullaria polita the first formation of the shell-gland on the aboral 
surface of the embryo. The stage which he described as the “ erste 
Anlage der Schale ” is a later stage, where the shell gland has already 
shifted to the left side (Stage 5) and the shell secreting area is lying as 
an oval disc consisting of small polygonal cells. Fernando (1931) 
describes it as a depression on the postero-dorsa! surface of a trocho- 
phore, but he does not describe its structure, though his figs. 1 and 4, 


1 I have not traced the origin of tho pigment granuleH, but according to Distaso 
(in Helix and other Gastropoda, 1908) and Prashad (in the Viviparidae, 1928), and 
others, they arc derived from the nuclear chromatin of the chroniatophores. 
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PI. I show it as being composed of polygonal cells, a condition which is 
also noticed in Pila globosa when the sections are oblique. 

Scott (1934), while making no mention of the structure of the shell- 
gland, in Awpullaria canaliculate, describes it as a depression on the 
postero-dorsal surface of the embryo. This depression follows the 
same course in later development as 1 have described in Pila globosa. 

Tn the case of those Molluscs whose cell-lineage has been completely 
traced, e.g. Crepidnla (Conklin, 1897). Planorbis (Holmes, 1900), Phgsa 
(Wierzejski, 1905) Littorina (Delsman, 1911) and others, it has been 
definitely established that the shell-gland is formed by the descendants 
of the first somatoblasl, 2nd or X. showing thereby that in all Molluscs 
it is derived from the same region of the developing egg. This region 
forms the aboral surface and extends from behind the velum to the 
posterior end of the embryo. 

XIII. The Maxtus-Cavity. 

The rudiment of the mantle-cavity, first formed in the mid-ventral 
region of the visceral-sac rudiment, arises as an ectodermal invagina¬ 
tion almost in the same transverse plane as the right and left rudiments 
of the pericardium (Text-fig. 16c). The invagination sinks deeper and 
forms a groove-like structure from the inner end of which the rudiments 
of the right and left ureters take their origin, these, latter being hardly 
distinguishable in their earlier stages from the rudiment of the mantle 
cavity. 

All the stages of development of the mantle cavity, from its mid- 
ventral position (Stage 2) to its final definitive dorsal position (Stage 
10). have already been described above (pp. 233 and 246). It was 
stated that-by the time the mantle-cavity reaches its definitive dorsal 
position, it no longer remains tubular but becomes a wide and spacious 
cavity enclosed dorso-laterally by the mantle (Stages 10 and 11). The 
anus opens for the first time into the mantle-cavity just when the latter, 
on account of complete torsion, comes to lie on the dorsal side of the 
embryo, and the rudiments of the gill and the osphradium are projec¬ 
ting into it from the inner surface* of the mantle (Stage 10). 

As the embryo assumes a snail-like appearance (cf. Stage 11), an 
antero-posterior fold, the epifaenia running in an obliquely longitudinal 
direction, arises from the base of the mantle cavity and grows vertically 
upwards. It forms a septum incompletely dividing the mantle cavity 
into two chambers of unequal size. The larger right chamber contains 
the gill and the anal, excretory and genital apertures and is called the 
branchial chamber. The smaller left chamber is, on account of the 
presence in it of the osphradium and the lung, known as the pulmonary 
chamber. 

Thus, we find that the mantle cavity in Pila globusa is an ectodermal 
structure, mid-ventral in position at the time of its origin. But as a 
result of dextral torsion, it is rotated through 180° to occupy its final 
definitive dorsal position. 

Previous work and discussion.. —According to Fernando (1931), 
the rudiment of the mantle cavity in Pila gigas arises as an ectodermal 
invagination which later acquires a lumen. He does not, however 
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specify the exact position of this rudiment. His description of the later 
stages of its development agrees with mine. 

As regards the origin of the mantle-cavity in other (Gastropoda, 
Erlanger (1891) describes it as an unpaired small depression on the 
ventral surface of tin 1 posterior part of the embryo, while Drummond 
(1903) and Otto and Tdimiges (1905) describe a paired rudiment of the 
mantle-cavity, one on either side of and below the intestine', the right 
one being larger than the left. Drummond says that “ it is only at a 
later stage that a, portion of the body immediately in front of the anus 
sinks in and unites the two original depressions, thereby including the 
anus in the mantle-cavity”. The two depressions are. according to 
Drummond, never symmetrical. 

Delsman (1914), who studied it in Littorina only in the earlier stages 
of development, describes the rudiment of the mantle-cavity as situated 
in the beginning on the right side. 

Amongst marine Prosobranchs, ciz., Nassa mutabilia and Fusus 
(Bobretzky, 1877), the rudiment of the mantle-cavity, being asymme¬ 
trical, arises as a sickle-shaped ectodermal invagination on the right- 
side of the embryo. 

Amongst the Pulmonates also, the rudiment of the mantle-cavity 
arises either as a simple shallow depression or slit-like invagi¬ 
nation which on deepening leads to the formation o r the mantle-cavity. 
It arises independently of the lung, though the two are intimately con¬ 
nected. In Planorbis, according to Rabl (1875), the rudiment of the 
mantle-cavity originates in a different manner : it originates by the 
raising of the mantle-folds from the body-surface to which 
they are closely attached in the earlier stages, and thus a slit-like space 
is produced which later develops into the mantle-cavity. But in Hrhx 
(1880) he describes the rudiment of the mantle-cavity to be formed as 
an ectodermal invagination. In Li mar , according to Meisenheimer 
(1898) the mantle-cavity arises by the “secondary” rolling up of the 
shell-folds (—mantle-folds) but Heyder (1909) considers that “ the forma¬ 
tion of the mantle-cavity is a continuous and progressive growth sc 
that a primary formation and a secondary rolling up (as pointed out 
by Meisenheimer) can hardly be admitted On this basis. Heyder 
regards the primary arching of the mantle-fold as the first rudiment 
of the mantle-cavity. Heyder (1909) describes the rudiment of the 
mantle-cavity in At ion as a groove on the right side of the embryo which, 
therefore, is asymmetrical. 


XIV. Summary. 

1. Oviposition takes place on land. Each egg is composed of a 
thick calcareous shell, two thin membranes (the shell-membrane and 
the albumen-membrane), n* solid albuminous sphere, and the albumin¬ 
ous fluid in which the embryo floats. 

2. Cleavage is total and of the spiral type, the first two divisions 
being equal, inequality stepping in at the third division. Only three 
quartettes of micromores are segregated to give rise to the ectoderm. 
The macromores give rise to the endoderm and the mesoderm. 

3. The cleavage-cavity appears very early at the 2-cell stage. 
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4. The blastula has a large blastocoele. 

5. G astral at ion is embolic. 

6. The mesoderm is teloblastic in origin. 

7. The blastopore persists and is transformed into the anus. 

8. All the essential organs are developed during the embryonic stage, 
and the embryo hatches out when it fully resembles the adult in all 
important respects. 

9. The first, rudiment of the alimentary canal is the endodermal 
archenteron from the anterior blind end of which the stomach and the 
digestive gland arise, while its posterior part gives ri*e to the intestine. 
In early stages, folds arise internally from the wall of the primitive 
stomach for the assimilation of the ingested albumen : as development 
proceeds these folds are absorbed. 

10. The stomodaeum or fore-gut is ectodermal and is formed bv 
invagination. Later, the stomodaeum becomes differentiated into an 
anterior part including (i) the buccal-cavity, and (ii) a posterior part 
including the oesophagus. The radular sac, the sub-lingual cavities, 
the oesophageal pouches and the salivary glands all arise from the 
anterior part. 

11. The radular sac arises as a mid-ventral outpushing from the 
floor of the stomodaeum, the basal membrane being secreted by the 
basal epithelium of the sac. The radular teeth are secreted by the odonto¬ 
blasts which are many in number and are differentiated at the blind 
distal end of the radular sac. There are only seven teeth in each cross 
row. The lateral pair of teeth are the first to be differentiated. These 
are followed by the marginal pairs, while the median tooth is the last 
to be differentiated. The dorsal epithelium of the sac forms cell-com¬ 
plexes projecting in between the apices of the teeth. 

12. The salivary glands evaginato from the postero-dorso-latera! 
walls of the .buccal-cavity as simple tubular structures which become 
branched subsequently. 

13. The digestive-gland evaginates from two rudiments. Of these, 
the anterior one is differentiated from the cells lining the walls of the 
primitive stomach lying within the head-vesicle, while the posterior is 
formed later from the posterior end of the primitive stomach and lies 
within the visceral-sac rudiment and develops into the digestive-gland 
of the adult. The anterior rudiment is absorbed in the later stages of 
development. 

14. The stomach is differentiated from the right ventro-lateral side 
of the posterior end of the primitive stomach. 

15. A common rudiment for the kidney, the pericardium, the heart, 
and the gonad is differentiated in the form of two ventrally situated 
mesodermal cell-masses, one on either side of the intestine in the visceral- 
sac rudiment. A lumen appears in each cell mass (representing the 
coelom) giving rise to the rudiments of the pericardium, etc. The two 
rudiments, meeting together, fuse to form a single structure divided 
by a septum which subsequently disappears. 

10. The rudiments of the right and left kidneys arise in the form 
of two thickenings of the postero-ventral walls of the right and left 
pericardial cavities. The right one evaginates and forms a sac-like 
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structure which subsequently becomes lamellar and develops into the 
definitive (left) functional kidney of the adult. 

17. The left kidney rudiment persists as a rudimentary structure 
and takes part in the formation of the genital duct. 

18. The ureter (=anterior kidney) evaginates from the inner end 
of the mantle-cavity as a tubular structure and is thus ectodermal in 
origin. Tt develops, later, into the lamellar organ of the adult. 

19. The efferent duct of the left rudimentary kidney also evaginates 
from the inner left end of the mantle-cavity and remains rudimentary, 
to be transformed later into the genital duct. 

20. The heart arises as an unpaired thickening of the pericardial 
wall which in vagi nates later and forms a tubular organ. This becomes 
constricted in the middle to give rise to the auricle and the ventricle. 

21. The blood-vessels arise independently of the heart and originate 
in sinuses in the bodv-cavitv. enclosed bv mesenchyme cells. 

22. The gonad is differentiated from the roof of the pericardium 
as an unpaired thickening, ft lies very close and dorsally to the left 
kidney rudiment with which it fus.es to communicate with the mantle- 
cavity through the rudimentary efferent duct of the left kidney. 

23. The gill arises as an unpaired rudiment in the form of a series 
of out pushings from the right or future inner wall of the mantle rudiment 
just dorsally to the right of the pericardium. 

24. The lung originates as an invagination of the mantle epithelium 
between the rudiments of the gill and the ospliradium, ft is neither 
an invaginated gill filament nor is it homologous with the lung of the 
Pulmonates. 

25. The nervous system is ectodermal in origin. All the ganglia 
arise separately as ectodermal thickenings which are delaminated and 
only become connected later through commissures and connectives. 

(a) The cerebral ganglia arise from " head plates ” (=the “ Scheitel 

plattes”) of the (Jerman authors, and Sinnesplatte ” of 
Schmidt. ” 

(b) The pedal and pleural ganglia arise as separate rudiments from 

the lateral walls of the “ Kopffuss ,” more or less ventrally 
to the place for the origin of the statocysts. 

(c) The buccal ganglia arise from the stomodaeum close to the 

region of evagination of the radular sac. 

( d ) The intestinal ganglia are symmetrical in the beginning and 

arise ventro-laterally at the place where the “ Kopffuss ” 
and the viscertd-sac rudiment meet. 

(e) The visceral ganglion is unpaired and delaminates from the 

right wall of the visceral-sac rudiment, and is situated dorsally 
to the level of the pericardium. It originates much earlier 
than the differentiation of the mantle rudiment. 

26. The statocysts arise at first as flat, plate-like thickenings which 
invaginate deeply and get detached from the overlying epithelium of 
the foot. They originate much later than the pedal and pleural ganglia. 

27. The eyes arise as invaginations in the region of the head plates, 
which become detached from the over-lying epithelium to form the 
optic vesicles. The lens in each is secreted by the walls of the vesicle. 
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28. The tentacles originate as out pushing of the “ Scheitel plattes 

29. The osphradiurn arises as an outpushing of the inner wall of the 
mantle rudiment, close to and almost in the same plane as the rudiments 
of the gill and the lung. 

30. The mantle-cavity arises as a single tubular ectodermal invagi¬ 
nation of the visceral-sac rudiment, immediately below the mesodermal 
cell-masses. The anus, which at first lies posterior to it, opens into it 
when torsion is complete. 

31. The foot arises as a mid-ventral protrusion from the post-velar 
area. The pedal gland is formed by an invagination of the outer epithe¬ 
lium at the anterior end of the foot. The other glands found within 
the foot are also of epithelial origin. The operculigetious lobe is demar¬ 
cated at the postero-dorsal surface of the foot, the operculum being 
secreted from its dorsal surface. 

32. The shell gland arises as an ectodermal thickening at the aborul 
pole. It first invaginates and later gets everted. During eversion, 
\frhile the cells of the central region of the everted shell gland become 
thin and flattened to form the outer epithelium of the visceral sac, its 
marginal cells remain tall and columnar and give rise subsequently to 
the shell-gland ( -supra-marginal ridge) of the adult. 


XV. Exclamation of Lettering in Text-figures. 

a., Anus. an. c . pi., Anal coll-plate, ant., Anterior end. a.p., Animal polo. ao.. 
Aorta, ap. c. pi., Apical cell-plate, arch., Arohentoron (or primitive stomach), arch, 
c., arihenterb cavity, arch. /., Archentcric folds, av., Auricle, au. vent, ap., Auri- 
culo-ventricular aperture, has. m., Basal membrane, h. c.. Buccal cavity, h. op. 
Basal epithelium, h.g., Buccal ganglion, h. ///., Buccal gland. hi.. Blastopore, c. 
b. cn., .Corebro-buccal connective, c. cm.. Cerebral commissure, r. g., Cerebral gang¬ 
lion. cl. c., Cleavage cavity, cor., (\ •clom. col. muse., Columella r muscle, c. p. ctt., 
(Vrehro-podal connective, c. pi. cu„ (Vrebro-pleural connective, cl dill. ct. dill 
filament, d. op.. Dorsal epithelium, d. gl., Digestive gland, dr.. Dorsal side, e., 
Eye. ect.. Ectoderm, cud., Kndoderm. f.. Foot. /. op.. Foot epithelium. g., gonad. 
gl. c.. Gland colls, h.. Heart, h. res., Head-vesicle. i. c.. Inner cornea, i. i. on.. Infra - 
intestinal connective. L i. g.. Infra-intestinal ganglion, i. i. n., f Infra-in testinal nerve. 
ini., Intestine. int. g.. Intestinal ganglion. I'., Bight kidney, k., Left (rudimentary) 
kidney. L, Lung, h as.. Lens of eve. I. h.. Larval heart. I. o.. Opening of the lung. 
Ip., Lip. 1. r., Lung rudiment. /. r. o.. Opening of the lung rudiment. It. in os. hd„ 
left mesoblastic band, in., Mouth, in. r,. Mantle-cavity, mos.. Mesoderm, mo*, 
bd., mesoblastic band, mosch.. Mesenchyme cells, ml.. Mantle, mtf.. Mantle fold. 
ml. gr.. Mantle groove, n.. Nerve, o. r.. Outer cornea, od.. Odontoblasts, oos.. 
Oesophagus, op.. Operculum, op. 1. Oporeuligenous lobe. op. n.. Optic nerve, os., 
Osphradiurn. os. n., Osphradial nerve. p„ Bight pericardium. Left pericardium. 
p. cm., 1 First pedal commissure, p. cm., 2 Second pedal commissure, p. c. pi.. Pedal 
cell-plate. p. g.. Pedal ganglion, p. gl.. Pedal gland, p. gr.. Pedal groove, pi. g.. 
Pleural ganglion, pi. p. g., Pleuro-pedal ganglionic mass, post.. Posterior end. p. r.. 
Pericardial rudiment, pr. st.. Primitive stuma< h (or archenteron). pr. Id., primary 
teloblasts or primary mesodermal cells, p. r., Pulmonary vein*, q.. Nuchal cells, rad., 
Radula. rad. s., Radular sac. rad. t., Badular teeth, rot.. Retina, r. p. a.. Reno- 
pericardial aperture of the right kidney, r. 1 p. o., Bono-pericardial aperture of the left 
kidney, rt. mes. bd., right mesoblastic band. Sch. pi.. Head plate or “ Scheitel plate.” 
sog. c.. Segmentation cavity, sept., Septum, sh.. Shell, sh . gl.. Shell gland, s. i. g., 
Supra-intestinal ganglion, s. i. n., Supra-intostinal nerve, sinus.. Blood sinus, s. 
1. c.. Sub-lingual cavity, si. gl.. Salivary gland, si. gl. o. t Opening of the salivary gland. 

s. oes. p., Sub-oesophageal pouch, s. rad. or., Sub-radular organ, st.. Stomach, stat., 
Statocyst. stomod., Stomodaeum. sir.. Streak, sup. m. r., Supra-marginal ridge. 

t. . Tentacle, t. n.. Tentacular nerve. <//*., Ureter of the Bight kidney, ur. Ureter 
of the left kidney. i\. Velum, vac.. Vacuoles, rent.. Ventricle, rest.. Vestibule. 
v. g. $ ViBeeral ganglion, v. h.. Visceral hump. v. m., Visceral sac. v. p., Vegetable 
pole v . t.. Ventral side. 
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ON THE LIFE-HISTORY OF A NEW GREGARINE, GREBNECKI- 
ELLA' PIXELLAE, SP. NOV., FROM THE CENTIPEDE, SCOLO 
PENDRA MORSITANS LINN., WITH A NOTE ON THE 
FAMILY DACTYI .OPHORIDAE LEGER. 1892. 

By P. 1j. M [ska, Zoological Research Laboratory, University of Lucknow. 
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IXTUODl'CTOUV AND H LSTORK ’AL. 

Early in 1939 Prof. K. N. Buhl very kindly called my attention to 
the excellent contribution made by Pixoll-Goodrich on “ Nina, a 
remarkable gregarine ", which she found in the gut of Scolopemlra 
cingnluta Latreille and S. sttbspinipes Loach, and suggested that I should 
work out the life-history of the gregarines occurring in Scolopemlra 
morsitam Linn.,” which is the commonest centipede found at Lucknow 
(India). 1 may mention at once that Scolopendra morsitam harbours 
only one species of gregarine. i.e. Grchneckiella pixdlae . sp. nov. ; I have 
not been able to find any other gregarine during my examination extend¬ 
ing over three years of the intestinal parasites of this centipede. 

In 1873 Grebnecki described Nina gracilis (= Pterocephalus nohilis 
Sokolow, 1911) from Scolopendra cingidata Latr. (S. cingulata var. 

1 Synonyms : .V in t Orobnocki, I H7‘i and Pl< rocsphal"..* Ainu' Schneider, 1887. 
Nivut was used as the generic name for a mollusc. (Gray, I S50), while Pterocephalus 

had boon used as the generic name for an elasmobranch fish (Swainson, 1888), a Nema¬ 
tode (Linstow, 1809), and a Trilobito (Raw, 1007), hence these names are inadmissible. 
But the goneric name Orel)/tech icll-i, after Grobnecki, recently introduced by Bhatia 
(1088) is available and I Invo therefore adopted it in my paper. 

2 Identification of this centipede was mido by Prof. lv. N. Bahl and continued at 
the Indian Museum through kind couitosy of Dr. Baini Prats had, Director, Zoological 
Survey of India, Calcutta, 
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hispanica Newp., vide Watson, 1916). Schneider (1887) recorded 
Pterocephalus nobilis from Scolopendra morsitans collected from Banvuls, 
but, according to Leger and Duboscq (1909) Scolopendra cinguhta alone 
is found at Banyuls and not Scolopendra morsitans : Pixell-Goodrieh 
(1938) also mentions that Schneider had wrongly named his Scolopendra . 
Kolliker (1848) described Gre(farina scolopendrae from Scolopendra 
morsitans collected from Trieste, but Pixell-Goodrieh has pointed out 
that he aiso was wrong in naming his centipede. According to her, 
Kolliker’s centipede 44 may have been Scolopendra cingulata but not 
S. morsitans , as this latter species has never been recorded from that 
locality. Labbe (1899) suggested that Kolliker’s gregarine probably 
belonged to the genus Pterocephalus and not “ Grefjarina Watson 
(1916), however, has rejected LabbG’s suggestion and has asserted that 
from Koiliker’s fig. 30 of Gregarina scolopendrae it appears that the 
protomerite is very different from that of Nina, and that since Kolliker 
had given no account of the cpimerite of his gregarine it is impossible 
to say in which genus his specimen should be placed. In my opinion 
Kolliker’s fig. 30 represents really a specimen of Grehneckiclla with a 
contracted knob-like protomerite. a fact which has also been suggested 
by Pixell-Goodrieh. 

Since 1873 the following species of this genus have been recorded 
up to date : (1) Pterocephalus giardi Leger, 1899, (—Nina giardi Sokolow. 
1900) from Scolopendra oraniensis Verb. (2) P. giardi corsicum Leger 
and Duboscq, 1903, (=N. giardi corsicum Sokolow, 1911) from Scolo¬ 
pendra oraniensis lusitanica Verb., (3) Nina indica Merton, 1911 from 
Scolopendra subspwipcs Leach., and (4) Nina navillae Mitra and 
Chakravarty, 1937 from Scolopendra sp. 

It would appear, therefore, that the gregarines described by various 
authors from Scolopendra morsitans are really not from this species but 
from other species of Scolopendra, and that Scolopendra morsitans sens ?' 
stricto has not been examined at all for gregarines. My observations 
on the only gregarine of Scolopendra morsitans have convinced me that 
it is specifically different from the hitherto described species of Grebncc- 
kieVa , and therefore. I propose for it the name Grrbneckiella pixellae. 
sp. nov.. associating it with the name of Dr. Helen Pixell-Goodrieh, M.A. 
(Oxon.). D.Se. (Lond.), as a token of mv appreciation for her remark¬ 
able observations on Nina(—Grehneckiclla). 


Material and methods. 

Specimens of Scolopendra morsitans were collected from beneath 
stones, bricks, etc., of old and neglected buildings in and around 
Lucknow, or flower pots in the University gardens. They were kept 
singly in wide glass jars with a fine wire-gauze cover. In summer they 
were kept in shade on moist earth under laboratory conditions, but in 
winter they were covered with straw and rags. Milk was the best diet 
to keep them alive for months together. At times they were fed on 
apples, carrots, etc. It was surprising to note that if this centipede 
was provided with tea it extruded several (many times more than the 
usual number of) gametocyts along with its faeces, 
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Picc ?es of tho gut of Scolopenilra morsitans wore fixed in alcoholic 
Bouin. Schaudinu's fluid, and Gilson's mixture, sectioned at Ip to tip 
and stained with iron-alum haematoxylin, Dehifiehl s haematoxylin and 
cosin. and Mallorv's triple stain, Gimietocysts were fixed at various 
stages of development in warm Dobell s modification of Bouin (with 
a few drops of chloroform just before use) for 21 hours, sectioned at 
2p to lp and stained with iron-alum haematoxylin and orange-G or 
chromotrop 2 K. Total preparations and smears were fixed in warm 
Kcliaud inn’s fluid, the former were stained with Delafield s haematoxylin 
and also borax carmine, while the latter were stained with iron-alum 
haematoxylin and at times counter-stained with chromotrop 2 R. 

All drawings were made with the aid of a Camera Inc id a and magni¬ 
fication of the text-figures are given. 

LiPK-HlSTORV of C RFJIXIU'K 11: U.A VIXHLL \F, xov - 
(a) Sporozoites and their development. 

Fresh smears of live sporozoites obtained by rupturing mature spores 
in Ringer s solution under a coverglass. when examined under an oil- 
imuieision lens, revealed that the sporozoite's perform flexional movc- 
merits followed by passive gliding movements when they become less 
energetic. Fixed and stained preparations showed that the sporozoites 
are spindle-shaped bodies measuring bp to 7 p in length. The cyto¬ 
plasm of the sporozoites is homogeneous and the centrally located nucleus 
in each is of a vesicular type (Text-fig. 1 a). 



Tkxt-fig. 1.— a. Two sporozoites (s) attached to tho epithelial cells (h. c.) of the host s 
gut: X2,386. b. A trophozoito (p) lying within tho epithelial cell: X 1,636. 

The walls of the ingested spores are probably dissolved by the action 
of the gutfluid of Scolopendra morsitans and the sporozoites are libera¬ 
ted into the lumen of its gtit and make their way towards the epithelial 
cells of the intestine to which they attach themselves. After penetra¬ 
ting these cells they are found to undergo an intra-cellular development 
(Text-fig. 16). Later on, due to increased growth, the trophozoites, 
as they are now called, break through the intestinal cells and hang 
themselves into the lumen of the intestine while still remaining 

r 2 
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attached by their cpimerites to the epithelial lining. They grow in this 
situation till they attain maturity. 

Pixall -Goodrich and all other previous workers have held that 
G rebuffliella leads an entirely extracellular existence, and they make 
no mention of an intracellular stage at all. My studies of the sections 
of fixed and stained material of the gut of Sadof/endm morsihtns lane, 
however, convinced me that Grcbaeckiellu pixvlbu* passes through an 
intracellular phase during its development before it comes to the adult 
stage. 

Pixell-Goodrich states, 4 ' Some of the young vegetative stages altain 
a considerable size before satisfactorily attaching themselves. ..Presum¬ 
ably, therefore, they can absorb food and grow while free in the lumen”. 
Tn support of her statement she has sketched tig. I lo, PI. 7 in her paper, 
but her figure represents, as far as [ think, a contracted sporozoite rather 
than a *’ very young trophozoite". I have (bund several such instances 



Text-fig. 2.—A freshly detached adult .specimen of U. pixel lac ; h. pr., bifid tip of the 
anucleated arm of the protomerito; n. d., deutomeritic nucleus ; n. p. t proto- 
meritic nucleus ; p., protomerite : x 323. 

of contracted sporozoites in the living condition. Further, the specimen 
represented bv her fig. 1. PI. 7 appears to me to have been previously 
attached, but having lost its epimerite in the epithelial cells had dropped 
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free into the lumen of the gut and due to the contraction of its proto¬ 
merit e looked as if it had never found ail attachment. In fact, sporo¬ 
zoites of gregarines ahvavs at first attach themselves and then grow 
further. Pixell-Coodrich herself describes smaHer individuals than 
the one shown in her tig. I, PI. 7 " firmly fixed to the gut wall with 
opimerites complete \ It would appear, therefore, that the specimen 
which she regards as having "showed no signs of ever having 
attached ” to the gut-epithelium is really a later stage of Grebnecxie ji 
after its detachment. 


(ft) Trophozoites. 

The youngest trophozoite that 1 have come across measims lO-fi/-. 
6dm in size (Text-fig. lft). The protomerite is not very conspicuous 
inside the cell, and it is only after the parasite has come out of the eell 
that the protomerite expands and attaches itself to the u.e Min ers 
of several cells of the gut-epithelium (Text-fig. U). However, alter 



Tbtt-fio 3.-*-/, Protomerite of G. pLrdlar. m various shapes, d., doutomorita ; ep 
' epimeritrawith filaments; n. p., proto mentm nucleus; p.. protom^nto ; *. b. 
sidarophilic bodies in the protomerite . X •>— . 

this preliminary attachment the .Uniform epimerite grows from the 
edge of the protomerite thereby affording a firm hold to the parasite 
A fresh smear of the gut of Sroloprndra nionUnm in Ringer s solu¬ 
tion showed the parasites moving actively and the active movements 
performed bv the protomerites, specially of the young and freshly 
detached ccphalonts, being interesting to note. The protomerite shows 
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lateral contractions and expansions, as well as forward and backward 
movements. Due to its mobile nature it can assume various shapes, 
and at times the contractions arc so strong that the protomerite is 
reduced to a mere knob-like elevation at the top of the deutomerite 
(Text-fig. 3 a-e). When the protomerite faces upwards, i.e. against the 
eoverglass, its sucker-like appearance becomes very evident. The 
high degree of contractility of the protomerite is due to the presence of 
myonemes set along the free margin of the sucker. Pixell-Goodrich 
has mentioned that the protomerites of (hebneekilella could be used 

as mobile suckers for attachment.\ As in licit inowera this 

is an exceptional instance of marked contractility of the protomerite 
amongst gregarines, and 1 agree with her remark that such an instance 
has never been “ definitely stated before' \ 

At times, however, it was also noticed that the protomerite of 
(ireb)iccki(dia pixcllae pressed itself against the surface of the slide and 
that the deutomerite contracted postcro-anteriorly resulting in tin* 
formation of convolutions on its surface. The deutomerite itself helps 
in movement and particularly comes into action when there is an im¬ 
pediment in front of the protomerite. 

Fixed and stained preparations reveal that the epimerite of (hchncr- 
kiella pixcllae is formed of several digitiform protuberances bearing 
thread-like filaments at their distal extremities (Text-fig. 3a). Those 
protuberances stain black with iron-alum haematoxylin and, when 
deprived of their thread-like processes, appear as denticles beset on 
the edge of the protomerite (Text-fig. 3 f). The epiinerites are caducous, 
i.e. they are torn-off from the protomerite and are left behind in the 
epithelium when the trophozoites attain maturity and drop into the 
lumen of the gut. 

In an extended condition the parasite presents a T-shaped appear¬ 
ance. the protomerite forming the cross-bar. one arm of which is definite¬ 
ly longer than the other, ami the deutomerite forming the vertical limb 
(Text-tig. 2). lu a detached individual the longer arm, which contains 
a small nucleus at its distal end is usually upturned, while the shorter 
ami, which is characterized by its bifid distal extremity, cither curves 
posteriorly or is reduced to a knob. The cytoplasm of the protomerit e 
is comparatively less dense than that of the deutomerite. The nucleus 
of the protomerite is vesicular and contains one to three chromatic 
bodies (Text-fig. i/,</). This nucleus seems to have only a vegetative 
function and takes no part in the reproductive processes. Vt times 
I have noted, besides the nucleus, one or two side'rophilous bodies in the 
protomerite of GrebaeckicUa pixcllae (Text-fig. 3c). Their origin and 
function could not be determined. 

The deutomerite is elongated : it is widest immediately behind the 
septum and gradually tapers posteriorly to a blunt end. But in young 
eeplmlonts the posterior end of the deutomerite is pointed. In a full 
grown individual it measures 3,050 p. in length and 00-Gp, in width at 
its maximum diameter. The pellicle is about 3jjl in thickness and the 
myocyte is very conspicuous. The cytoplasm of the deutomerite is 
very dense and highly granular, being replete with prominent granules 
which stain deep black with iron-alum haematoxylin. 
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x The nucleus of the deutomerite is spherical or slightly ovoid in shape 
(Text-fig. 4 b-d) and. on an averm***. measures ! 4-Sj/. in diameter. It 



I i.vi 1 u.‘. 1. >i-‘. Ihait'imentn tiucJrii* ; i,, l aud d Irom whoio mounts, and a und 0 

from sections ; / and 7 , prutomoritii' nucleus, from whole mounts : X 600. 

contains one to three big nucleoli and several small deeply staining 
granules : the nuclear membrane is distinct. Usually the nucleus is 
located anteriorly though it may be found in any region of the deuto- 
mente. Merton (1911) has described and sketched the deutomerite 
nucleus of Grebneckiella indica as having a spireme of chromatin material 
-a statement not borne out by the description given bv Leger and 
Duboscq (1909) for that of G. gracilis . Chakravarty (1938) has 
described the nucleus of Grebneckiella micillae as being spherical and 
having one karyosome and several small chromatin granules. Pixell- 
(foodrich has mentioned that the nucleus of Grebneckiella studied by 
her agreed with that of Leger and Duboscq’s gregarine and certainly 
not with that of Merton’s gregarine. The deutomerite nucleus of Greb - 
neckieHa pixellao, no doubt, resembles most that of Grebneckiella gracilis , 
hut in some sporonts and various sections passing through the nucleus 
of G. pie.veilac the chromatin net-work (Text-fig. 4 a , e.) was very 
apparent, indicating that the nucleus was ready for division. I think 
Merton has sketched the nucleus of one such wporont. 

The body of Grebneckiella pixellae shows an apparent bilateral 
symmetry -the plane of symmetry passing between the bifids tips of 
the one arm and the distal extremity of the other arm along the long 
axis of the deutomerite. Ratio of the length of the protomerite to the 
total length L. P. : L. T. : : 1 : 15-23 ; width of the protomerite to that 
of the deutomerite W. P. : W. D.: : 1*2-2*5 : 1. 
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(c) Sporonts and association. 

Each sporont is characterized bv having a reduced and laterally 
flexed protoinerite (Text-fig. 5a) and bv the absence of an epimerite. The 



Text-FIO. 5. — a. A contracting sporont. from a fresh smear: }>., protomorito ; d. 
(leutomerito: X 190 ; b. Two sporonts (spA in association : x 190 (Livespocimena). 

cytoplasm is very dense and appears blue by reflected light and the 
deutomerite nucleus very often becomes masked in its substance. The 
sporonts show a passive gliding movement and are usually in a con¬ 
tracted condition. Two sporonts (gamouts) (ome together by their 
anterior ends with their protomerites lying opposed to each other (Text- 
fig. 5a). The deutomerites of the two gamouts contract further and 
further until' at last they become rounded and secrete a common 
cyst-wall which later on becomes surrounded by a gelatinous covering 
fiOp to 180|jl thick. The garnet ocysts thus formed measure 208 p, to 
672 (jl in diameter and are spherical in shape. The two pro tome rites 



Text-fig. 0 . —A gamefcocyst of O. pirellae : in. c., mucous covering ; e. w., cyst-wall, g. 
garaont: X 70. (Live specimen stained with mucihaematin.) 
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at the place of their junction inside the freshly extruded cysts appear 
like a hollow biconvex lens under the covmdass (Text-fig. b). The 
highly hygroscopic gelatinous Liver is composed of numerous concen¬ 
tric layers* each layer probably indicating the quantity of the exudate 
oozing out of the body of tin* rounded lip gamonts at one tune. Various 
mucous stains, as suggested by I’ixell-Goodrich, were trh'd but the cyst- 
wall proper did not take, up these stains and according to her possibly 
it is made up of keratin. The cyst-wall is comparatively tense and offers 
more resistance to various infections (bacteria, fungi, etc.) Ilian does the 
gelatinous layer. In fact, 1 have not encountered the mycelial infection 
(Mucoridae 0 inside the cysts as described by Leger and Dubnscq and 
also by Pixoll-Goodrich, although such infections were, of frequent, 
occurrence in the gelatinous layer. 

Eneystment of single individuals has also been noted but very little 
mucus is secreted in such eases and such individuals ultimately dege¬ 
nerate. 

Healthy cysts were frequently found outside the peri trophic 
membrane, but they were also found within it, hence, it does not seem 
to be a rule ”, as mentioned by Pixel!*Goodrich, that they ar * always 
external to this membrane. As regards the condition oi freshly extruded 
cysts 1 agree with Leger and Duboseq's statement that, such cysts are 
normally in an advanced stage of development, us the deutoi.urite 
nuclei of hundreds of fresh cysts of Grcbtudidla p)xrlh,r \eiv found 
to have already started dividing. Pixcll-Goodrieh lias coni r.uheted 
these authors and holds that freshly extruded cysts of her grcgariiie 
had “ unchanged deutomerite nucleus’'. 

Autopsy of .-several specimens of Sculoprndra iunrsifans revealed that 
cysts in the intestine had their, nuclei unchanged but such cysts when 
ki cultured ” in hanging drops had their nuclei dissolved (divided) within 
one to three days. The fart that in the faecal matter the mu lei were 
generally found dissolved shows that it probably takes one to three 
days for the cysts to pass from the intestine to the exterior. 

(<!) Gamete-formation and structure of tin* gametes. 

The stages of nuclear division and gamete-formation studied from 
the sections of the garnetocysts of Grtbncckiclht pirrllar resemble those* 
of GrehneckieUa gracilis, as described and sketched by Leger and Duboscq 
(1909), and it is therefore, unnecessary to describe them again. The 
haploid number of chromosomes is undoubtedly five, four of which arc 
equal, being in two pairs, while one is extraordinarily long and unpaired 
and which ultimately forms the karyosomc. Chakravarty (1938), has 
mentioned that the haploid number of chromosomes of Grebueckirlla 
navi I he is only two and that there is no axial (unpaired) chromosome. 

The miorogametes when examined alive under an oil-immersion 
lens showed marked agility, and fixed and stained preparations revealed 
that they are minute filamentous bodies measuring ftp. to b [i in length. 
Each microgametc (Text-fig. 7a) consists of an elongated head or rostrum 
composed almost entirely of chromatin material and a drawn-out tail 
or flagellum which helps in its movement. At the apex of the head 
there is a small refringent granule. The undulating membrane, which, 
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according to Minchin (1903). runs in a loose spiral from the rostrum 
to the base of the flagellum ” could not bo detected in mv preparations. 



Tkxt-fio. 7A microgan Kites. \ 4,184 ; b. a imurogamoto; c, allowing entrance ot a 
microgamete into a macro gamete ; d f pro-zygote stage ; c, a macrogametc showing 
throe nuclei, presumably by the entrance of two microgamotes ; /, a zygote; 
cr/. ; spores showing nuclear division and formation of sporozoites : note the 
residual body (r. b.) in j ; k, an abnormal spore : b~k X 2,272 ; 1, a chain of 
spores attached obliquely, X 1,270; m, a mature spore showing liberation of 
spores in Ringer’s solution. X2,272. (1 and w, Live specimens.) 

The macrogametes arc non-inotile. spherical bodies measuring 7ji 
to 9p. in diameter (Text-fig. 7 h). hut after attaining maturity they tend 
to becomexiival. so much so that they assume a, more or less, cylindrical 
shape either after fertilization or even before it (Text-fig. 7 c-e). Kach 
macrogamete has an excentrieally located nucleus. I-fig, in diameter, 
and its cytoplasm contains prominent reserve granules. In appearance 
the macrogametes vcsemble the tcloleoithal ova of Metazoa as mentioned 
by Minchin. It would appear, therefore, that the gametes of llrvlmec- 
/della present a striking instance of anisogamy among this group of 
Protozoa. 


(r) Fertilization and spore-formation. 

It is held that minute apertures (never detected by me) are present 
in the partition membrane separating the two gamonts in the cyst and 
it is through these, apertures that the mievogametes escape from the 
male chamber into the female chamber where they fertilize the macro¬ 
gametes. Microscopical examination of live gametes obtained by 
puncturing the cysts in Ringer’s solution revealed that the microgamete 
is attracted towards that end of the macrogametc which contains the 
nucleus (Text-fig. 7c). After penetration the nucleus of the microgamete 
reaches that of the macrogamcte. abuts against it. rests for some time 
(pro-zvgote stage Text-fig. Id) and then fuses with it to form the zygote 
nucleus (Text-fig. 7/’). On a few occasions 1 have noted two nuclei besides 
the definitive female nucleus within the macrogametc (Text-fig. 7c). This 
is probably due to the entrance of two microgametes inside a macro¬ 
gamete. The whole process after the entrance of the male nucleus 
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till the formation of Hie zygote nucleus takes about twenty minutes 
to one hour or at times oven longer. The zygote elongates, becomes 
cylindrical, secretes a wall around it and thus forms a spore. The spores 
when liberated during the dehiscence of the cysts remain attached 
together in oblique chains (Text-Jig. 7/) : this adherence is brought 
about bv the presence of an oily film around each spore. 

(/) Structure of the spores and formation of the sporozoites. 

The spores are cylindrical bodies measuring 10(x to 13[z in length 
and 4(ji to bp. in width, the most frequent measurements being llp.X 
4(jl. Each spore has an excentrieally located nucleus and its cytoplasm 
contains refringent granules. The sporocystie wall consists of two 
layers : an inner layer, the endospore. which is thin and delicate, and 
an outer layer, the epispore, which is thick and resistant. There is no 
operculum in the spores of Chebneckiella jnxeUae and the liberation of 
sporozoites takes place by the dissolution or rupture of the Avail of the 
spores. In this respect the spores of G. pixellac differ from those of 
Grcbucckidla graci I is described by Pixell-Goodrieh. Moreover, she lias 
given a period of over one year as the duration of viability of the spores 
of her gregarine, but in G. pixellac 1 have found that the spores are viable 
only for three to four months. 1 have found a few spores which were 
rounded and which had oval sporozoites (Text-lig. 7 k), but such 
rounded spores were very rare and may be regarded as abnormal. 

The nucleus of each spore divides into eight daughter nuclei by three 
successive divisions and ils cytoplasm segments around each nucleus 
thus giving rise to eight sporozoites which art* arranged in two tiers 
(Text-tig. 7 g-j). A definite residual cytoplasm consisting of refringent 
granules is left in the centre of the spore after the formation of the sporo¬ 
zoites. The whole process takes about 24 to 1<S hours. Leger and 
Dubose^ (1909). as mentioned by Pixell-Goodrieh, have given lOg. to 
ll[z as the length of the sporozoites, whereas she has given fqz to f*u. 
maximum being JSp. as the length of tin*, sporozoites of Grebncckiclhi 
gracilis. and has mentioned that the sporozoites are about half the 
length of the spores. The measurements of the sporozoites of Grebncc- 
kielltt pixellac approximate those, given by Pixell-Goodrieh. To my 
mind it appears that Leger and Duboscq measured the lengths of two 
sporozoites lying tandem. l T sually the. sporozoites of G. pixellac remain 
slightly curved inside the spore, and hence appear approximately to 
be half the length of the spore, but in an extended condition they are 
somewhat longer, as can la* noticed by examining the live mature spores 
in Ringer's solution in which they often rupture. 

(//) Remarkable stages in the developing cysts. 

I have verified Pixell-Uoodrich's observations on the developing 
cysts, stage by stage, and have found that my observations on the 
developing cysts of GrebneekidUi pixellac agree Avith those described 
by her for the cysts of Urebnckiella gracilis. In hanging drops the whole 
process from the time of freshly extruded cysts till the liberation of 
spores takes 4 to 7 days. It may be remarked that at time* the cyst* 
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did not rise to the surface of the water and the spores were liberated 
within the water : presumably all the stages were gone through under 
water. Cysts kept in moist chamber but not actually within water 
also dehisced and liberated their spores. It seem< probable that in 
the natural habitat of Scolopendra inorsitans where only the moisture 
of the earth under stones, etc., is available, excepting during the rains, 
dehiscence of spores takes place in the usual wav. i.e. by pseudocyst- 
formation, but the stages A, B and C as described by Pixell-Goodrioh 
an* not so well marked owing to insufficiency of water for the cysts 
to float upon. 

(A) Mode of infection. 

Infection is carried on from host to host through food and drink 
contaminated with infective spores and is more common in the adults* 
than in young specimens. The maximum site of infection is just behind 
the prbve.ntrieulus and at times the gregarines seem to block the lumen 
of the gut. 

Diagnosis of (1 bvbnkckihlla oixbllm:, sp. nov. 

Sporonts solitary, measuring J(>50g to lOfiOg in length : epimerite 
caducous, digit ifonn. with filaments: protomonte a mobile sucker, with 
two asymmetrical arms, one longer and nucleated, the oilier shorter, 
anucleated and bifid: bilateially symmetrical; deutomerite elongated, 
widest behind the septum, terminates 0. blunt end : L. P. : L. T. : : 1 : 
15-28 ; \Y. P. : \Y. J). : : l*2-2*5 : 1 : cysts spherical, measuring 208g to 
072 p. : dehinsee by pseudooyst. : spores cylindrhal or long ovoidal. with 
two envelopes, united in oblique chains, measuring I Op. to J8jx,\Kx to 
op : operculum absent in spores. 

Habitat. -Mid-gut of Scolajiiafr t morxilan* Linn. 

Lard it y .. Lucknow. U. P.. India. 

Notk on tin*: familv Dactylopiiokioak. 

The family Daotvloplioridac Leger. 1802, of seprate gregarines seems 
to have been loosely handled by protozoologists and “ requires revi¬ 
sion as has been pertinently remarked by Pixelldfoodrieh (1088). A 
perusal of the relevant literature shows that the definition of this familv 
as given by Pixell-(Goodrich is most plausible, but it would be com¬ 
plete were it added that sporonts are solitary and that dehiscence of 
cysts take place* bv simple rupture as well (vide Bhatia, 1988. p. 108). 

Majority of the authors have included in this family the gregarines 
occurring in the gut of Philopoda alone, but Kudo (1989) has included 
in it the gregarines occurring in the gut of other animals as well (vide 
infra), although while defining the family he mentions that its represen¬ 
tatives occur “in guts of chilopod* " .* He has placed the following 
genera under the family Dactvlophoridae : (1) Dactylnjihnm* Balbiani, 
(2) Ecltinoniera Labbe, (8) Rhnpalonia Logcr. (1) Dendrorhynchus Iveilin. 
(5) Tiichor/njnchn* Schneider. ((>) Nina (~ Grebneckidla ) (Irebnecki. 
(7) Seticephalas Kamm, (8) Acatispom Crawley, (9) M chimera Duke, 


1 Italics are mine. 
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(10) Hentschelia Mackinnon and Pay. (11) Lecythion Mackinnon and 
Rnv. Firstly, it may bp pointed out that out of those eleven genera, the 
following four genera- occur in such hosts as do not belong to the order 
Ghilopnda : (i) Dead rarity n virus system' Keilin, occurs in the mid-gut, of 
the larvae of Syslcnas sp.. \vhi< h is an. insect (Dolichopodidac. Dipt era). 

(11) Mctan’cra sc.huhi n;i Duke, occurs in the gut of (Unssiphovia caw- 
phi hat a and Plavnbdelln* tnarainaia. v F hi«*h are leeches (Glosbphonidac, 
Tlhynchobdellidae, lliiiidinea). while (iii) Unit scholia thalasscnirw and 
(i\ r ) Lecythion thalassanac Mackinnon and Uay. occur in the gut. of Tha- 
lasscnw neptnni , which is an Eehiurid worm. Secondly, it may be noted 
that while classifying the Ccphalina (Engrogarinida, Gregarinida, Telo- 
sporidia) Kudo has defined the family Dactyiopliorida<* along with others, 
as having eharacteristic extracellular development to distinguish them 
from the two families, Gephaloidophoridao and Stenophoridae, which 
are characterized by intracellular development. ! have already 
emphasized that (/ rehneekiella pixcUac passes through an intracellular 
phase of development during its early stages. Further, there are two 
other genera, namely. Ilcntschdia and Lecythion. which Kudo charac¬ 
terize s as those with extracellular development. For example, Mackin- 
non and Rav (1931, p. 151) write about Hentschelia llmfnwmae. “ We 
have found a few young stages. These, lie within, the epithelial cells 
(fig. 14, PI. 20) ". Moreover, they have, also mentioned (pp. 460-461) 
that ‘‘ Dolioeystis (Lecvdina '() and Hentschelia are, intracellular * in the 
early stages of their life within the gut, and their epimeritie segment 
always remains intracellular". As regards Lecythion thalassewae , 
although Mackinnon and Ray have sketched its intracellular stage (vide 
their fig. 20. PI. 20), they doubt the intracellular development of this 
parasite, as is evident from the question mark in connection with the 
explanation of that figure (p. 035). and from their statement (p. 454) 
that “ in the adult condition, anyhow, it is never intracellular”. In 
fact, then* are several gregarines which show an intracellular growth 
during the early developmental stages but an* entirely extracellular 
in tin* adult condition. It is possible that this is tie* ease with Lecythion . 
although Mackinnon and Ray have not met with the intracellular stage. 
Prom these facts it would appear that at least two genera, namely, 
Hentschelia and G'rcbncckiella. and possibly also Lecythion. as exempli¬ 
fied by H. thalassc.mae , G. pixel!ae and L. thalasscmae respectively, should 
be included in a family of the Cephalina whose members «* diibit intraeel 
lular development, or, if t-i:- y ai * to be included within the family 
Dactylophoridae. this family should not he characterized bv having its 
" Development extracellular a . given by Kudo. For the present it 
would be better if the family Dactylophoridae were to be placed between 
those families of the Oephahwi whose members exhibit intracellular 
development and those whose members develop entirely ext racellularly. 
Finally, it muv bv* mentioned that the whole family needs revision and 
its exact podnon amongst the septate gregarines needs to be accurately 
determined. 


J Duko in hor original papur {Quart. Journ. Micro s. ,SW.. 1010, Vol LV, pp. 261-2SQ) 
moutiona ficmiclejms instead of Plncobddla. 

* Italic*} are mine. 
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SUMMA RY. 

(!) A new gregarine, Grebncckiella pixellw \ sp. nov.. is recorded 
from Scolopendra w or si tuns Linn. 

(2) This gregarine passes through an intracellular phase of develop¬ 
ment before attaining maturity. 

(3) Various points dealing with the developing cysts, as described 
by H. Pixell-Goodrich (1938) for Nina gracilis Orehnecki, 1873, have 
been verified. 

(4) The present position of the family Dact vlophoridac Leger, 1892. 
has been discussed and it is concluded that its exact position amongst 
the septate gregarines requires to be accurately determined. 
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A NEW GRECARINE, STYLOCEPHALUS INDICUS , SP. NOV. FROM 

A BETTLE. 

By P. L. Misra, Zoological Research Laboratory, University of Lucknow. 

Description .-—Sporonts solitary, elongate, 320p. to 460 jjl in length, 
maxium length 490p.; epimcrite a long style, more than twice the 
length of the protomerite, with a crown-like hood at its distal end ; 
protomerite subspherical, with prominent longitudinal myonemic fibres, 
retractile ; deutomerite elongate, widest a little behind the septum, 



An adult specimen of Stylocephalus indie us , sp. notr. 


tapers to a sharp pointed extremity ; endocyte den$g, with big granules ; 
nucleus spherical, 20|i to 26*3p. in diameter, with 1 to 3 nucleoli; L.*P. : 
L. T.: : 1 : 6-9 ; W. P.: W. D. : : 1 : 1-1-1-4 ; cysts spherical, beset 
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with indentations and papillae, 150fx to 182fi in diameter ; spores broad 
spindle-like in front view, concave in profile, brown, measure 7*5 (iX 
5*8fi. 

Systematic position. —.Stylocephalus indicus , sp. nov. (Stylocepha- 
lidae, Eugregarinida.) 

Habitat .—Mid-gut of Opatroides (Penthicus) vicinis Frm. (Ooleop- 
tera). 

Locality. —Lucknow, U. P., India. 

[For literature, material and methods, vide Misra, P. L. (1941).— 
Observations on a new gregarine, Stylocephalus bahli , sp. nov. from 
the alimentary canal of an Tndian beetle, Gonocephnlum helopioides 
Frm. Rec. hid. Mu$. t Vol. XLI11, pp. 43-71.] 



CRUSTACES DE L’ETAT DE DJODHPOUR (RADJPOUTANA). 

Par Knut Lindberg. 

Ayant appris la frequence de la draconculose dans certaines con- 
trees de l’Etat de Djodhpour, il m’a. semble pouvoir offrir de l’int&ret 
a les visiter, pour voir ce en quoi les conditions epidomiologiques locales 
pouvaient differer de cellos regnant ailleurs dans Elude. Une courte 
visite a consequemmenfc ete faite an debut du niois d’avril a Nagaur 
et a Didvana, qui sont, d’apres les statistic pies officielles, les deux villcs 
les plus afTectees. Dans cet article il est question exclusivement dc 
la faune des reservoirs d’eau que j’ai eu l'occasion d’examiner. 

Les regions parcourues contrastent fortement avee celles du Deccan 
et du Slid de lTnde, oii sevit la memo affection. Les plaincs sablon- 
neuses aux alentours de Nagaur et de Didvana, bien qu’arides, sont 
verdoyantes et regulierement boisees (surtout par Prosopis spicigera ). 
et sous les arbres croissent une multitude de plantes epincuscs (princi- 
palement Capparis aphylla . Orthanihera viminia et Zizyphus). 

A Nagaur la couchc de sable a une profondeur d’cnviron 75 centi¬ 
metres et recouvre une forte assise de poudingue, qui a son tour repose 
sur le gres primitif. L'eau de pluie s’accumule dans un grand nombre 
de depressions naturelles situees a la peripheric de la ville, ou le sable 
fait dcfaut et le sol est forme, soit d’un agregat compact de cailloux et de 
terre, soit de bancs de calcaire. A ces derniers endroits (6tang Guinani) 
l’eau conserve sa douceur et reste presquc toujours en quantite suffisante 
jusqu’a la mousson de l’annee prochaine. Ailleurs, ou la terre est plus 
permeable, l’eau devient legerement saumatre, et ces autres rassem- 
Moments d’eau de surface peuvent se dessecher entierement pendant 
la saison chaude, tandis que les puits, creuses au milieu des memes 
depressions ou dans leur voisinage, contiennent en gen6ral de l’eau un 
peu saline, mais potable, pendant toute l’annce. L’acces aux etangs 
est litre de tous cotes ; homines et betes ilescendent dans l’eau pour 
boire et faire des ablutions et leurs dejections s’y melangent. 

L’etang Guinani est le resevoir d’eau principal de la ville. Assez 
extensif, et a plusieurs embranohements suivant le terrain, il conte- 
nait une quantite considerable d’eau. dont la profondeur semblait 
depasser un metre et demi a certains endroits. De caractcre oligotro- 
phique d’une fa 9 on generale, l’eau renfermait cependant par places des 
touffes importantes de plantes aquatiqucs submergees (notamment 
Potamogeton crispus). 

Plusieurs specimens furent preleves a des lieux et a des niveaux 
differents, tant le matin que le soir. Les Cyclopides etaient tres pen 
noinbreux, par rapport a la grande quantite d’eau pass^e a travers le 
filet, et se trouvaient surtout la ou manquait toute vegetation et ou 
s’abreuvaient de preference les hommes et les animaux. Les Centro- 
pagides abondaient et a deux endroits il y avait d’assez nombreux 
Oladoceres. Leur frequence relative, comparee a celle des Cyclopides, 
variait de 10 a 50 Centropagides et de 0 a 30 Cladocdres pour chaque 
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Cyclopide. La totalite de ces derniers que renfermaicnt les neuf 4chantil- 
Ions fut examinee. 

Le Djhalra du tombeau du Soufi, pres de l’etang Guinani, est un 
puits perce dans le roc calcaire dont on a fait sautcr les parois d’un cote, 
am6nageant ainsi une rampe par ou la descente se fait aislment jusqu’au 
niveau de l’eau, mais ou les betes ne s’aventurent guevc a cause de la 
raideur de la pente. 

Les deux specimens recolt6s etaient extraordinairement riches en 
Crustacea, ceux-ci formant presque une masse semi-solide. Les Cyclo- 
pides y etaient nombreux, mais c’etait les Cladoceres qui predomi- 
naient. II y en avait environ 50 par Cyclopide. J’ai compte une 
moyenne de un Centropagide pour 200 Cladoceres. L’eau do ce puits 
4tait bourbeuse mais abondantc et il n’y avait aucune vegetation aqua- 
tique visible. Du total recolte probablement moins qu’une millieme 
partie fut examinee. 

Etang Saraach. A Tepoque des pluios le bas-fond etendu qui porte 
ce nom est sans doute rempli par une nappe d’oau continue. An moment 
de ma visite il n’y avait la quo quelques mares isolees, peu profondes 
et diflftrant de caractere les lines des autrcs. Des specimens d’eau de 
deux de ces petits etangs furent pris. Dans les deux il y avait une 
forte preponderance des Cyclopides sur les autrcs Crustaces et parmi 
ceux la les Microcyclopfi formaient la majorite, ce <j_ui est peu commun 
dans ce genre de biotopes. L’un des 4chantillons, dont environ une 
cinquantieme partie fut examinee, contenait en moyenne un Centro¬ 
pagide pour 40 Cyclopides, un Cladocere pour 30 Cyclopides et quehjues 
rares Ostracodes. De l’autre, moins riche, la moitie du materiel r6colte 
fut etudide ; celle-ci renfermait de ties nombreaux Cladoceres jeunes, 
quelques rares adultes et un petit nombre de Centropagides. 

L’eau du puits situ4 sur le bord de l’etang principal de Samach avait 
une profondeur de 5 metres et demi. Le sediment entier peche du 
fond fut examine. Il montrait egalement. des Microcy clops plus 
noml)reux que les Mesocyclops ; le nombre total des Centropagides 4tait 
de 20 et celui des Cladoceres de 2. 

A Lai Sagar l’eau de pluie remplit une grande fosse profonde dont le 
fond semble etre rocheux. L’eau en est fort trouble et il n’y a aucune 
vegetation macroscopique. Tout le materiel recolte fut examine ; il 
contenait environ 75 Centropagides. Il y a. la aussi un puits. 

L’etang de Djhara etait en voie de dessechement et l’eau, fortement 
chargee de boue, ne montrait dans le specimen recolte qu’un petit 
nombre de Mesocyclops, 8 Centropagides et un jeune Cladoc&re. 

La vaste depression de Pratap Sagar etait eiitierement k sec mais 
les puits, dont j’ai compte 13, semblaient tous tenir de l’eau en quan- 
tit6 appreciable. Dans le specimen retire du fond de l’un deux et 
examine en son entier, il y avait une preponderance marquee des Clado¬ 
ceres, dont j’ai compte une moyenne de 300 pour chaque Cyclopide. 

L’etang de Bag Sagar n’a pas 4t4 visite, ni le Sakar talab, situ4 en 
dehors de la ville. 

La liste des Cyclopides identifies des 17 echantillons de Nagaur est 
donnle k la fin ; pour economiser de l’espace les 9 specimens de l’etang 
Guinani et les 2 du puits du Soufi n’ont pas ete detailies s4par4ment. 
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Aucun des 2801 Cyclopides examines de Nagaur n’a etc trouve infest? 
par les embryons du ver de M6dine, ni par d’autres nematodes. 

Didvana . Dans le voisinage de la ville il y a des 6tendues de surface 
constitutes de glaise sableuse d’une tpaisseur de 60 a 90 centimetres, 
cette couche recouvrant. le poudingue usuel. L’eau se reunit dans un 
certain nombre de bas-fonds naturels qui existent en dehors de la partie 
habitee, mais elle s’epuise rapidement partout, sauf dans deux grandes 
depressions assez profondes au nord-est de Fagglomeration (Katchora 
et Sekh), et dans une large cuvette argileuse au sud-ouest (ttang Singui), 
ou des canaux ont ete creuses pour en augmenter la capacity. 

Les ttangs au nord-est de la ville, dont on compte 3 (Tchila ou 
Katchora, Sekh et B6ni), etaicnt a sec depuis cltji trois ou quatre mois 
au moment de ma visite. Les autres, situes au sud et au sud-ouest 
(Stdolai', Dhoutolal, Bibolai, TelolaT, Singui, et Indolav, ranges selon leur 
proximitt de la ville), etaicnt egaloment desstches, sauf l’etang Singui, 
qui, on peut dire, constituait a Fepoque de mon voyage l’unique reservoir 
d’eau de boisson de la population. La eirconftrence du petit etang 
presque circulaire etait d'environ 300 metres, et on m’a dit que sa pro- 
fondeur atteignait au centre a pen pres un metre et demi. L’eau en 
etait trouble, d’une odeur d6sagreable et uniformement verte, cette 
coloration n’6tant cepedant pas causee par des algues, comme je n’en 
ai pas vu a l’examen microscopique. Six echantillons en furent recol- 
tes a des endroits diWrents, le matin et le soir. Les sediments 6taient 
tres abondants et a peu pres une deux centime partie en fut examinee. 
Ils renfermaient presque exclusivement des Mesocyclops leuckarti ; 
j’ai compt6 un total de moins de 50 Centropagides et seulement 5 ou 6 
Cladoceres. Un copepodite de M. leuckarti fut trouve infest6 par un 
embryon de Dracunculus wedinensis , l’unique Cyclopide parasite par 
ce ver sur 1113 examines provenant de Didvana. 11 est eependant, 
possible (]ue quelques animaux infestes aient pu echapper a la decouverte 
comme les larves sont parfois malaisees a voir a l’etat de mort a Tinteri- 
eur de hote^ fortement pigmontes. 

II existe aussi d’assez nombreux puits pres de la ville ; aucun semble 
tenir de l’eau douce, mais la salinite de plusieurs d’entre eux est si faible 
que l’eau en est potable. A Test des habitations se trouvent 14 puits 
(Tchanankoi) qui semblaient de construction recente. Au fond de la 
plupart il n’y avait que du limon humide et dans les autres, dont l’eau 
pouvait se boire, elle ne montait que de quelques centimetres. Dans 
un puits situe pres de la declivite menant au lac salin de Didvana (actuel- 
lement dessech6) la hauteur de l 5 eau etait de deux metres ; elle etait 
fortement saumatre et utilis6e pour le betail. La profondeur des puits 
examines, variait de 13 a 16 metres. Selon un informateur du pays 
l’eau peut atteindre un maximum de 13 coudees (environ 6 metres et 
demi) dans l’un des puits, mais seulement 4 coudees (environ 2 metres) 
dans tous les autres. L’eau de 5 puits fut examinee, mais des Cyclo¬ 
pides ne furent trouves que dans deux d’entre eux. 

A Didvana, comme du reste aussi a Nagaur, un tres petit nombre 
de commeryants possedent une citerne dans leurs maisons pour recueil- 
iir de l’eau de pluie. Il y en a aussi dans certains temples, mosqu6ea 
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et chauderies, mais l’usage de ce genre de reservoir est extremement 
restreint dans les deux villes. 

Un habitant, pourtant intelligent, semblait- vouloir caract^riser 
en ces mots une situation qirapparemment il jugeait sans remede : 

“ Nous avons des roupies (de Largent), mais nous n’avons pas 
d’eau ”, 

D’apres ce qui a etc dit on voit qu’en fait de vecteurs il ne 
pout etre question epic (le Mesocyclops leuckarti , Ther mocy clops 
hyalinus et Microcydo ps varicans. Les deux premiers sont 
des hdtes averes aillours dans Linde et tout porte a croire 
qu’ils sont responsables de la transmission de la maladie aussi 
a Nagaur, t and is qu*a Didvana il ne peut evideminent s’agir 
que de Mesocyclops leuckarti, en admettant qu’ aucune autre cspece 
ne fasse son apparition en nornbre suffisant a une epoque plus 
avancee de la saison. 11 a deja £te mentionne qu’un copepodite do 
Mesocyclops leuckarti , peehe dans Letang Singui (le 7 avril 1942), fufc 
trouve infeste par un embryon de Dracuncuius medinensis . Celui-ci 
avait une longueur de 434p, et une largeur de 25(x an milieu du corps, 
Quant a Microcyclops varicans , sa presence dans les puits ou autres 
reservoirs d’eau servant de gites an parasite de la draeonculose est 
plutot cxceptionnelle dans Linde et, scmble-t-il. aussi ailleurs dans le 
monde, ou la maladie est endemique ; et quand on le rencontre, e’est 
le plus souvont en petit nombre. Aussi sa decouverte dans Letang 
Saniacli a Nagaur en grand nombre et y formant meme la majorite des 
Oyelopides est un fait tres remarquable, et il serait Lien intercssant de 
recherclier dans cet etang pendant un temps suffisant si ce eyolope v 
presente de L infestation naturelle par le ver do Medine. A l’heure 
actuellc on ne peut rien dire a ce sujet. 

La liste des (Oyelopides des 10 echantillons recoltes a Didvana est 
donnee ei-apres ; ceux de Letang Singui etant reunis sous un seul en¬ 
tente. Deux-espeees de cyclopes seulement furent trouvees. Les quel- 
(|ues Microcyclops recoltes etaient tous des copepodites et apparten- 
aient evidemment a une meme espccc. 11 n’etait pas possible de les 
identifier d’une maniere certaine. 11s ressemblaient a Microcyclops 
moghulcnsis 1 and berg. 


Naciauu. 


Etang Cuinani 

M icrocy'lo]>s varicans Kars. \V If), 
jeune 1. 

Microcyclops linjaniicus Kiefer. 9 I. 
Mesocyclops leuckarti Claus. fy 
126, 38, jeunes 127. 

Thermocyclops hyalinus (Rchberg). 
99 40, o 1, jounes 2. 

Puits a marches pns du santon du 
Soufi (I)jhalra Soufi ka dergah). 

Mesocyciops leuckarti (Maus. 62. 
66 19, jounes 91. 

Thermocyclops hyalinus (Rehberg). 
99 149, 8, jounes 22, 


Etang Samaeh I. 

Microcyclops varicans Nars. 99 170, 

6 1, jounes 25. 

Microcyclops linjanticus Kiefer. 9 L 
jouno I. . 

Mesocyclops leuckarti Claus. 99 51, 

Jo IL jeunes 36. 

Thermocyclops hyalinus (Rohborg). 

99 48, jeunes 18. 

Etang Sainach II. 

Microcyclops varicans Nary. 99 453, 

66 19, jounes 196. 

M esocy clops leuckarti Claus. 99 65, 

66 14, jounes 63. 

Thermocyclops hyalinus (Rehborg), 

99 3, jeuuos 2, 
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Nagaur — contd. 


Tuits M’etang Samach. 

Microcyclops rnricans Sars. 99 17. 

jeunes 2. 

Mesocyclops Ituckarti Claus. 99 2 

jounos 4. 

Th ermocy clops hyalin u s (lleh berg). 

99 2, jeunes 2. 

Etang Lalsagar (“ Mer rouge ”). 
Microcyclops oar icons Sars. 99 2. 

Mcsocyclops leuckarti Claus. 99 338. 

33 jeunes 213. 

Etang Singui 

Microcyclops sp. Jeunes 14. 

Mcsocyclops leuckarti Claus. 

277; 33 276, jeunes 513. 

Puits a l’eau lcg&remont saumatre. 

Microcyclops sp. Jeunes 2. 

Mcsocyclops leuckarti Claus. 99 
jeunes 9. 


Thermocyclops hyalin us (Rehberg). 

9 1. 

Etang Djhara. 

Mcsocyclops leuckarti Claus. 99 27, 

33 • f >> jeunes 15. 

Puits alVtang Pratap Sagar. 

Microcyclops rnricans Sars. Jeuno 1. 

Mcsocyclops leuckarti Claus. 99 U. 

33 4, jeunes 3. 

Thermocyclops hyalin us (liohborg). 

99 95, c? 1» jeunes 8. 


Didvana. 

Puits a l’eau saline. 

Mcsocyclops leuckarti Claus. Jeunes 2. 
99 Citeme d’un puits a l’eau saline. 

Mcsocyclops leuckarti Claus. 9 1 4, 

3 l, jeunes 5. 

Citorne a l’eau douce clans im dharara- 
chala 

2, Mesocyclops leuckarti Claus. 99 2, 
33 2, jounos 4. 


J’ai le devoir agreable de remercier tres vivement aussi ici M. le 
docteur Madan, medecin en chef de I’Etat de Djodhpour, pour les statis- 
tiques qu’il a eu la grande amabilite de me fournir, M. F. F. Fergusson, 
ingenieur en chef, pour sa grande obligeanee de me donner des renseigne- 
ments geologiques, et M. le docteur K. Biswas pour 1’identification d’une 
plante aquatique. 


So MM A IRE. 

Cinq especes de Cyclopides furent trouvees dans des etangs, des 
puits et des citernes a Nagaur et a Didvana (Etat de Djodhpour) : Micro - 
cyclops varicons Sars, Microcyclops linjanticus Kiefer, Microcyclops sp. 
(Copepodifces seulement), Mcsocyclops leuckarti Claus. Mesocyclops 
hyalinus (lleliberg). 

Un copepodite de Mcsocyclops leuckarti Claus, recolte debut avril 
dans un etang a Didvana, fut trouve infeste par un embryon de Dracun- 
culus medinensis. 

La proportion num6rique des autres Crustaces par rapport a cello 
des Cyclopides a dte indiquSe d’une fa§on approximative. 

Dans les deux localites la majorite de la population boit l’cau de 
pluie stagnante dans des depressions naturelles. 
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ZOOLOGICAL SURVEY OF INDIA, 1942-1945. 

By B. Chopra, D.Sc., F.N.I., Offy, Director, Zoological Survey of India , 
Kaiser Castle, Benares Cantt. 

I. Tkmporary removal of headquarters from Calcutta. 

On the outbreak of war with Japan in December, 1941, the safety 
Ojf the standard zoological collection of the'Indian Empire, which is 
under the charge of the Zoological Survey of India and had been housed 
in the Indian Museum at Calcutta since the museum came into existence, 
became liable to serious damage or destruction by enemy action. As 
a first step all the type-specimens and class I exhibits of the Indian 
Museum were evacuated to the Forest Research Institute, Dcrha Dun. 
Though all normal air-raid precautions were adopted, it was however, 
felt that the safety of the collections that were still in Calcutta could 
not be ensured, unless they were totally removed to a less vulnerable 
area. On account of the very large quantities of Rectified Spirit, Naph¬ 
thalene and other chemicals that are used for the preservation of the 
collections, books and other articles, there was not only the risk of serious 
damage to these highly inflammable collections, but it was apprehended 
that the safety of the whole Museum and even of men and property 
in the locality would be threatened. The Government of India, in 
consultation with the Bengal Government, therefore, decided that the 
entire collections and library etc., should be removed from Calcutta 
at as early a date as possible. As the Zoological Survey of India could 
not function without its collections and library, it became necessary 
to shift the entire headquarters of the Survey. 

The finding of suitable accommodation, reasonably out of range of 
possible enemy action and sufficiently large to house the Survey, with 
its vast collections, library, laboratories and offices etc. was a difficult 
problem. Through the kindness of H. E. Supradipta Manyabara Com¬ 
manding General Sir Kaiser Shamshere .lung Bahadur liana, G. B. E., 
who generously placed his kfc Kaiser Castle " at Benares at the disposal 
of the Government free of rent, this difficulty was, however, ultimately 
overcome and the Government of India decided to remove the Zoolo¬ 
gical Survey of India to Benares. The evacuation to Benares was com¬ 
pleted in a remarkably short time, with comparatively little damage 
to the collections, and Kaiser Castle, Benares Cantt. became the tem¬ 
porary headquarters of the Zoological Survey of India, with effect from 
the 11th May, 1942. 

II. Damage to the Collections and Library etc. in the Varuna 
Flood of 1943. 

Kaiser Castle is a large building, or rather a number of semi-detached 
and detached buildings, in its own compound, situated on the bank of 
the Varuna River, well above its water-level. Some of the buildings 
are on somewhat higher ground than others and the plinth-level is not 
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the same even throughout tlie main building. The Yaruna is a tribu¬ 
tary of the Ganges, and, except during the rains, is a very small stream, 
with water only a few feet in depth. During the rains it swells up con¬ 
siderably and in many years of even normal rainfall, a small amount of 
its water enters the compound of the Kaiser Castle. At the time of the 
shifting of the Zoological Survey of India to Benares, the Yaruna had 
never been in real flood within, living memory. 

For the sake of safety, the spirit collections of the Survey are stored 
in a series of rooms in a separate block in the Kaiser Castle. These 
are arranged in open racks, six feet high, the racks being made firm 
to the walls by iron tie-rods. Two cellars in this block are also used 
for the storage of collections, but as the walls of these are lined with thick 
slabs of stone, it had not been found possible to fix tie-rods there. The 
dry collections of the Insect Section were housed in another separate 
building. Jn the main building were located, among others, the offices, 
laboratories, library, and most of the dry collections, excluding Insects. 

Tn September, 1943, owing to very heavy and continuous rain for 
about three days all along its water-shed, there was a heavy flood in 
the Varuna, the water-level rising to an unprecedented height. By 
the evening of the 20th September water had entered the compound 
of the Kaiser Castle. The level continued rising, and on the afternoon 
of the 27th there was more than three, feet of water above t.ljj? plinth- 
level in most parts of the main building and even more in the other 
buildings. The flood began to recede on the morning of the 28th and 
by the 29tli most of the rooms were more or less dry, though the under¬ 
ground cellars had still water in them up to the ceiling. The cellars 
had to be cleared later by means of trailer and centrifugal pumps. 

As a result of the flood, large parts of the collections and libiliry 
etc. were thus under water for more than two days and naturally suffered 
serious damage. Large numbers of bottles were washed off the shelves 
by the- force of the current and were smashed. In the cellars, where 
no tie-rods had been fixed, the racks were lifted bodily and overturned. 
Some almirahs and boxes that had been stored on the verandahs were 
washed away. Labels came off the bottles in many cases even when 
the bottles remained standing on the shelves, and in most other cases 
became practically illegible by the deposition of silt. Barts of the build¬ 
ing, including floors, were seriously damaged and caused further damage 
to the collections. Unfortunately .the type-specimens had just been 
got back from Dehra Dun and were being unpacked and arranged in 
some sections, when the calamity occurred. Books in the library, 
Specimen Registers and other records also suffered serious damage 
on account of long immersion in water. 

The woik of salvaging the collections etc. was taken in hand immedi¬ 
ately, and every effort was made to save as much as possible. Books, 
registers, records and dry collection were put out in the sun and thor¬ 
oughly dried and first-aid rendered promptly, wherever possible. The 
collections were put in some sort of order as soon as the buildings had 
been repaired and with the help of temporary staff, specially sanctioned 
by the Go /ernment, the work of repair and reconstruction was started 
without d nay, and is still going on. Thanks to the zeal, untiring efforts 

/ 
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and willing co-operation of the whole staff, who had to work under 
high pressure for months without a single holiday, a great deal has 
been saved. I take this opportunity of expressing my sincere thanks 
to the officers and staff of the Zoological Survey of India, but for whose 
selfless and sustained labour the damage to the national collections would 
have been far more serious than it is now. 

Though the work of accurately assessing the extent of damage caused 
to the collections etc. in the Varuna flood of September, 1943, could not 
be started till the more urgent work of repair and reconstruction had 
been more or less completed, it is considered desirable to give to the 
scientific world at least a preliminary and rough idea of the damage 
suffered by the standard zoological collections of India. It is hoped 
that the work of correctly assessing the extent of damage, which on 
account of its nature and the. size of collections involved, is bound to 
1)0 long, slow and laborious, will be taken in hand shortly. 


FrsiiKs. 

The collections of the Fish Section had been stored on 67 racks, 
25 in one large room and 42 in a cellar under this room. In addition 
to the Cyclostoma, the Flasmobranehii, the Chondrostei and the Holostoi, 
fishes of the sub-orders Ostariophysii and Malacopterygii of the order 
Teleostei and the entire unregistered collection of this Section had been 
kept in the collar. In the upper room, where the rest of the collection 
had been stored, the, racks, held fast and the damage was only slight. 
Tn the cellar, however, on account of the overturning of racks, lar e 
numbers of bottles were smashed and the specimens contained in them, 
including some types, remained in water for a number of days. Many 
of these specimens were lost and some, especially those of small size, 
disintegrated more or less completely on account of long immersion 
in water. Most of the type-specimens were fortunately saved, but a 
few of the deep-sea fishes of the sub-order Malacopterygii, whien are 
generally brittle, were badly damaged or lost, further, on account of 
the breaking of bottles, large numbers of specimens got mixed. In 
many cases number-tags made of metal had been fixed to individual 
specimens ; the correct sorting of these presented little difficulty, but 
where no tags or other labels remained attached to the specimens, the 
work was extremely difficult and in many cases hopeless. Great care 
has been taken in this sorting out, and as far as possible, only specimens,, 
about the authenticity of which there is no reasonable doubt, have 
been put ba^k in the named collection. The bulk of the remaining 
material has been kept aside for the present and will be dealt with 

gradually. . , 

A considerable part of the affected material consisted of unnamed 
specimens, and the damage suffered by these should not be regarded 
as serious. The loss and damage in the sub-orders Ostariophysii and 
Malacopterygii of the order Teleostei is however, of a serious nature. 
The following families of these sub-orders have been affected 

Ostariophysii : Amblycipitidae, Arbdae, Bagridae, Chacidae 
Olariidae, Mochokidae, Pangasidae, Plotosidae, Schilbeidae bilundae, 
Sisoridae, Homalopteridae, Psilorliynchidae, Cyprmidae, Cobitidac and 
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Adiposiidae; Malacopterygii : Alepocephalidae, Stomiatidae, Engrau- 
lidae, Clupeidae, Dorosomidae, Dussumieriidae, Chanidae, Chirocen- 
fcidae, Elopidae, Megalopidae, Notopteridae and Salmonidae. 

Two other orders of the Teleostomi, viz. Chondrostei, with its single 
family, the Acipenseridae and Holostei, also with its single family, 
the Amiidae, were also affected. 

In the Elasmobranchii, the damage, though quite extensive, was 
not as serious as in the Teleostomi, on account of the fact that most 
of the Elasmobianchs are of a large size and could, therefore, better 
stand the effects of long immersion in water. The following families 
of the different orders and sub-orders have been damaged :— 

Order Palagiostomi, sub-order Selachii : Scyllidae, Carchariidae, 
Sphyrinidae, Spinaeidae and Rhinidae ; sub-order Batoidei : Pristidae, 
Rhinobatidae, Rajidae, Trygonidae, Torpedinidae, Myliobatidae and 
Rhinopteridae ; Order Holocephali : Chimeridae. 

In the Cyclostoma, the few specimens in the collection of the families 
Bodellostmoatidae, Myxinidae and Petromyzontidae were damaged. 

It is impossible at this stage to give anything like an accurate assess¬ 
ment of the extent of damage suffered by the fish collections of the Zoolo¬ 
gical Survey of India. The orders and families mentioned above have 
been affected seriously, some others have suffered lightly, while many 
more have completely escaped damage. It is very roughly estimated 
that the total loss to these collections is in the neighbourhood of 20%. 

Reptilia and Amphibia. 

The collections of this Section were stored in two rooms above ground 
and a small part in one of the cellars. In the smaller room, on account 
of the subsidence of floor, a rack, containing Amphibia, was overturned, 
but Tortunately damage to the collection was only slight. In the other 
room in which Lizards and most of the Snakes were kept, the racks 
held fa&t and the damage there also was slight. The Chelonia and the 
larger Snakes were stored in the cellar and damage to these was heavy, 
on account of their long immersion in waiter. Fortunately very few 
types have been lost in this Section also. 

In the order Testndines, the families Emydidae and Trionychidae 
and in the order Squamata, sub-order Serpentes, the family Uropeltidae 
have been seriously damaged. The Agamidae, Scincidae and Lacertidae 
in the sub-order Sauria and the ('Olnhridae in the Serpentes have also 
been somewhat damaged. The Amphibians have practically escaped 
damage. 

The total damage to the collections of the Reptilia and Amphibia 
Section is very roughly estimated at under 20%. 

Birds and Mammals. 

More than half the collection of this Section was under vrater. Fortu¬ 
nately no specimens were actually lost, but nearly 27,000 of them (skins, 
bones, eggs and nests) got soaked and were more or less damaged. These 
are being attended to, but the work of repairing and restoring them 
is very slow and laborious. Many of the skins were very old, and ifj 
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is feared that damage to some of them can never he satisfactorily re¬ 
paired. The Mammal types were not affected, except the type of 
dolphin Tursiops perniger (Blyth) which suffered damage, but it is now 
repaired, but nearly half the bird types were submerged ; with proper 
care it has been possible to save practically all of them. 

In the Mammals, the families Muridae, Ochotonidae and Leporidae 
of the order Itodentia, families Canidae, Mustelidae. Procyonidae and 
Ursidae of the Carnivora, and families Camelidae, Bovidae, (Vrvidae 
and Tragulidae of the order Ungulata have been seriously affected. 
The few specimens in the collections of the extra-Indian sub-order 
Hyracoidae of the Ungulata were also badly damaged. 

In the Birds, the following families and subfamilies have suffered 
serious damage - 

Order Coraciifermes : Capitonidae, Coraciidae, Meropidae, Bucero" 
tidae, Cypselidae, Caprimuldgidae, Podargidae, Trogonidae* 
Psittacidae, Strigidae, Asionidae and (hiculidae. 

Order Accipitres : Falconidae, Oypaetinae and Pandionidae. 

Order Gallinae : Phasianidae and Megapod idae. 

Order Uharadrii formes : Haemato])odinae, Totaminae and Scolo- 
pacinae of the family Uharadriidae. 

Order Trubinares : Procellariidae. 

Order Anseres : Anatidae. 

It is roughly estimated that in about 15% of the Bird specimens 
and about 12% of the Mammals the damage is too serious to be satis¬ 
factorily repaired. 


Mollukca. 

The spirit collection of this section has suffered very little damage. 
Though large parts of the collection were under water, very few speci¬ 
mens have been lost or damaged. The dry collection, which is a very 
large one, is stored in two rooms in the main building. In this also 
there was comparatively little actual loss of specimens, but heavy damage 
was caused by the mixing up of the specimen, on account of the disin¬ 
tegration of labels and the card-board boxes in which the shells were 
kept. Home amount of mixing up in this collection had already taken 
place, when the collections were evacuated from Calcutta. Every 
effort is being made to sort out the specimens correctly, but the work 
is proving extremely difficult. Most of the type-specimens are fortu¬ 
nately safe, but a few, that were very fragile, have been badly damaged, 
on account of continued immersion in water. 

Dry specimens of about 40 families have been seriously damaged, 
and it is estimated that loss in the Section amounts to approximately 
10% of the total collections. 

Crttrtacka. 

Very little damage has been caused in the Crustacea Section. Some 
bottles were broken but most of the specimens contained in them have 
been saved and correctly sorted out. Practically all the types are 
safe. The total damage to the Crustacea collections will probably 
be in the neighbourhood of 5%. 
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Insecta. 

The damage to the Insect collections has been unfortunately heavy. 
A considerable number of bottles in the spirit collections was broken, 
and a large number of specimens, including those of the Araelmida, 
were lost or got irretrievably mixed. The dry collection had been 
stored in a number of rooms in a separate block, and a part was kept 
in almirahs and racks on the verandah. Some almirahs and boxes 
stored on racks were washed away by the current and nearly 30% of 
the remaining dry collection was submerged in water. The damage 
to this collection has been serious not so much due to loss of specimens, 
but chiefly on account of the deposition of fine and sticky silt on a very 
large number of them. The work of removing this silt, even from 
hard-bodied insects, is bound to be very slow and extremely laborious, 
and will be almost impossible in the case of Diptera, Lepidopetra 
and other small and fragile insects. This work will take many years, 
and it is feared that a large number of specimens, in spite of every 
effort that is being made to restore them, will cease to be of much 
scientific value. 

The dry types in the collection are fortunately all safe, but two boxes 
containing a large number of types in spirit, including a few of the Ara- 
chnida were washed away. 

The following orders and families and special collections have suffered 
the greatest damage :— 

Orthoptera : Phasmidae, Acridiidae and (Jrvllidae. 

Rhynchota, Heteroptera : Pentatomidae, Lvgaeidae and Rcdu- 
viidae; Homoptera: Fulgoridae, Cereopidae, Jassidae, 
Aleyrodidae, Aphididae and (Yxeidae. 

Neuroptera, Megaloptera : Sialidae and Raphidiidae ; Planipennia : 
Myrmeleonidae, Asealaphidae, Mantispidae, Ilemerobiidae, 
Chtysopidae and Nemopteridae. 

Mecoptera : Panorpidae. 

Trichoptera: Rhyacophilidae, . Ilydroptilidae, Philopotamidue, 
Stenopsychidae, Psychomyidae, Polycentropidae, Arctop- 
sychidae, Hydropsychidae, Calamoceratidae, Odontoceridae, 
Molannidae, Leptoceridae, Sericostomatidae, Phryganeidae 
and Limnophilidae. 

Lepidoptera, Rhopalocera : Nymphalidae, and Hesperiidae ; Hetero- 
cera : Noctuidae, Bombycidae, Eupterotidae, Sphingidae, 
Lasiocampidae, Lymantriidac, Hypsidae, tlraniidae, 
Epiplemidae, Notodontidae, Cymatophoridae, Sessiidae, 
Tinaegeriidae, Zygaenidae, Psychidae, Hepialidae, 
Callidulidae, Drepanulidae, Cossidae and Saturniidae. 

Green’s Collection of Butterflies and Dudgeon’s collection of moths 
have also suffered considerable damage. 

Coleoptera, Adephaga : Carabidae, Dytiscidae, Gyrinidae, Paussidae, 
and Rhysodidae ; Polyphaga : Staphylinidae, Endomychidae, 
Dcrmfestidae, Byrrhidae, Nosodendridae, Georyssidae, 
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Parnidac, Hydrophilidae, Hetercroccridae, Dascillidae, 
Holodidiae, Malacodermidae, Buprestidae, Elateridae, 
Xylophilidae, Anthicidac, Trictenotomidae, Brucliidae, 
Chrysomelidao, Cerambycidae, Lamiidac, Brenthidae, 
Curculionidae, Passalidac and Scarabaeidae. 

Hymcnoptera, Apocrita : iejmeumonidae, Formicidae, Vespidae, 
Mutillidae, Chrysididae, and Colletidac. 

Diptera, Nematocera : Tipulidae, and Mycetopliilidae ; Brachycera : 
Coenomyiidae, Tabanidae, Cvrtidae, Nemestrinidae, Therc- 
vidae, Bombvliidac and Asilidac ; Cyclorrhapha : Sapromy- 
zidac, Oehthiphilidac. Agromyzidae, Celypliidae, Diopsidae, 
Borboridac, Heteroneuridae, Seiomyzidae, Holomyzidac, 
Oordvluridae, Oestridae, Tachinidae, Calliphoridac, Ilippo- 
boscidae, Nycteribidae and Streblidae. 

Aplianiptera : Pulicidae. 

In mauy of the families mentioned above, specimens of only one 
or two subfamilies have been damaged, while those of the remaining 
subfamilies are safe. Families that have been lightly affected and the 
very large number of those that have not suffered at all are not mentioned. 
It is very difficult to estimate at this stage even the approximate extent 
of damage to the collections of the Insect Section, but it seems likely 
that the total damage will turn out to be in the neighbourhood of 20%. 


Other Invertebrates. 

The spirit collection of this Section has not been seriously affected, 
but the dry collection has suffered damage. 

Porifera : The spirit collection is nearly intact, but approximately 
15% of the dry specimens have been damaged on account of long soaking 
in water, 

Coelentrata : The dry collections of the Madreporaria and the Gor- 
gonacea have suffered most. In the former, paper-tags and plaster 
numbers attached to many specimens have been completely destroyed ; 
the sorting out of these specimens is proving extremely difficult, and it 
is possible that about 40% of these corals may have to be written off. 
The Gorgonacea had been left packed in boxes and, on opening, most 
of the specimens were found broken in bits, with their paper labels 
completely destroyed. The damage to the Hydrozoa, Aloyonaria and 
other groups is negligible. 

Platyhelminths, Nemathelininths and Polyzoa, etc. have suffered 
practically no damage. 

Echinodcrmata: A few dry specimens have been damaged or 
lost. 

Annulata : in the Polychaeta about a hundred bottles were broken 
and some specimens, including two types of the family Nereidae, were 
lost. In the Oligochaeta, Hirudinea and other group, there was very 
little damage. 

The collection of slides, including some type-slides, has also been 
damaged. The slides were kept in cabinets in the main building, and, 
on account of long immersion in water, some of these were damaged 
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and the labels of most of them came off. These are being attended to, and 
it is hoped that a large number of them will be correctly sorted out. 

The total damage to this Section is roughly estimated at about 

10 %. 


Specimen Registers. 

Out. of the 70 Registers in which records of specimens in the collection 
are kept, 43 were immersed in water. Many of the Registers are very 
old and on account of the age and brittleness of their paper, have suffered 
considerable damage in the flood. Fortunately the entries in the Regis¬ 
ters are still legible. All the damaged and old Registers aie being copied 
and it is hoped that this work will be satisfactorily completed before 
long. 


Library. 

About one-third of the books in the Library, approximately 10,000 
in number, were wholly or partially under water and, therefore, suffered 
damage. Most of these damaged hooks have been repaired and rebound, 
and fortunately total loss is only slight, as not more than 200 books 
only have to be written off. In another 500 or so, some pages have 
been torn or lost. In addition, in quite a large number, printed wholly 
or partially on art paper, pages, specially those containing illustrations, 
got stuck ; these were separated with as much care as possible, but even 
then considerable damage has been caused. The stock of Departmental 
publications and unbound reprints and other papers also suffered some 
damage. 

« 

Microscopes, Cameras and other Instruments. 

All these were submerged in water, but fortunately little permanent 
damage has been caused to these. 

1 have given in the foregoing paragraphs a brief account of the nature 
of damage suffered by the collections etc. of the Zoological Survey of 
India in the Vanina flood and have very roughly indicated the extent 
of this damage, as known at present. The damage to the National 
collections has been serious, but fortunately the collections are still 
substantially intact. Every effort is being made to repair and make 
good the damage and loss as far as possible. I take this opportunity 
of appealing to all naturalists, zoologists and other scientists in India 
and abroad to help us in adding to these collections and thus in not 
only making good the loss suffered, but in making them better and more 
representative of the Indian fauna than they have been ever before. 
Though all presentations and exchanges will be gratefully received, 
it will be specially appreciated if specimens of the orders and families 
that have been seriously damaged are sent to us. ^ 

III. The Publications of the Zoological Survey of India. 

The publication of the Records of the Indian Museum , Memoirs of 
the Indian Museum and Re/part of the Zoological Survey of India had 
unfortunately to be suspended in 1942, in view of the urgent need for 
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economy in the use of paper. The last issues of these publications, 
prior to suspension, were : Records . XLIV, part III, Memoirs, XIII* 
No. 4 and Report , for the years 1938-41. 

The publication of the Records of the Indian Museum is now being 
resumed. The present issue will be the concluding part of volume XLIV, 
and an index to the volume will be issued as soon as possible. The next 
volume, XLV, will commence in 1947 and attempts will be made to 
complete it within the year. From 1948, it is hoped to bring out 
a yearly volume, as previously. 

IV. Anthropology. 

^ The Anthropology Section of the Zoological Survey of India has 
been separated from the Survey with effect from the 1st December. 
1945, with a view to converting it into a separate Department or Survey. 
Anthropological work, that was formerly being done in the Zoological 
Survey of India is now under the care of the Director, Anthropological 
Survey of India, with his temporary headquarters at 64, Cantonment 
Benares. The Ethnological and Anthropological collections are also 
now housed at the same address. 




DESCRIPTION OF A NEW FILARIID WORM, SQUAMOFILARIA 
CHOPRAI , SP. NOV. (NEMATODA) FROM THE LUNG OF A 
SEA TERN, FROM ADDU ATTOL, MALDIVE ISLANDS. 


By B. S. Chaithan, M. Sc., Ph. 1).. F.Z.S ., Assistant Superintendent, 
Zoological Survey of India , Benares Cantt. 

A single specimen of a Filariid parasite was obtained by Major S. L. 
Kalra, in September 1944, from the lung of a sea-tern, from Addu Attol, 
Maidive Islands. It was kindly passed on to this department for study 
by Major Dr. M. L. Roonwal. Unfortunately, the specimen is not in a 
very good state of preservation ; nevertheless, a study of the worm 
reveals that it represents a new species of the nematode genus Squamo- 
Jilaria. 


Supei Family FILAJUOIDKA (Weinland. 1858) Stiles. 1907. 
Family Filariioak (Cobbold. 1864) Claus, 1885. 
Sub-Family AnnocriXAK Yorke and Maplestone, 1926. 


Clonus Squamofvaria Schmerling, 1925. 

1926 Coronojitaria , Vo ke and Map!e*tom», The Nematode Parasites of Vertebrates, 
London., p. 409. 


Squamofilaria choprai 1 . sp. nov. 

Specific Diagnosis : Squamofilaria —witli generic characters. 

Body filiform, tapering at both extremities. Length about 15 mm., 
maximum width of body, in mid-region, about 0-5 mm. Head (Fig. 1 b)> 
round, tapering and broad ; mouth surrounded by a cuticular collar, 
festooned to form a crown-like structure, with six small ‘ lips head 
papillae submedian, two pairs, rather inconspicuous ; lateral papillae 
probably two. Cuticle very finely striated transversely, with occasional 
papilla-like bosses, varying much in their development, more cons¬ 
picuous in posterior region, specially on ventral side. Mouth cavity 
small; oesophagus simple. Posterior extremity (Fig. 2a) coiled spirally ; 
tail of male short and rounded ; caudal end flat, studded with spine¬ 
like round, cuticular papillae. Male genital opening situated at a distance 
of about 0-09 mm. from posterior end. A large and conspicuous median 
papilla situated just in front of cloacal opening ; a similar, but less 
conspicuous, median post anal papilla visible. Spicules two, subequal, 
thick and trough like. Anterior spicule much larger than posterior, 
about 0*26 mm. in length, bent like the letter L, probably with a 
ventral groove, its posterior extremity pointed. Posterior spicule 
short and stout with its posterior end bifid and spatulate, measuring 

1 Named after Dr. B. N. Chopra, Director, Zoological Surrey of India. 
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"0 16 mm., caudal alae absent. Lateral rows of small and oval, pigmented 
corpuscles, characteristic of the other two species of the genus, absent. 



Tkxt Fla. I .—Sqtunnofilaria choprai , sp. nov. 
a , Posterior end ; b. Anterior end of the male. 

The genus Sguamo/ilaria was created by Soli merlin#, 11)25 for Filar la 
coronata Rudolphi, 1809. Yorke and Maplestone (1926) created another 
genus Coronofilaria with C. pillerxi as the type and C. coronata (Ru l., 
1809-) as the other species of the genus. They also included, with some 
doubt, the species Eucamptus obtusus Dujardin, 1845, from Caprimu^gas 
europoews , in their genus, on the ground that the generic name 
Eucamptm is preoccupied. Thus the genus Coronofilaria of Yorke and 
Maplestone falls in the synonymy of the genus Squamofilaria. I am also 
not inclined to include the species E . obtusus in the genus. The genus 
SquamojiUiria , therefore, now contains only two previously described 
species : S. coronata (Rud., 1809) from Coracias garrula , type species 
and S. pillerxi (Yorke & Maplestone, 1926) from the blue warbler fly¬ 
catchers. The new species described above differs from the type in the 
nature of the mouth collar, the position of the submedian head papillae 
and the size and nature of the spicules. The nature of the posterior 
extremity is also different in the new species. S. choprai differs from 
F. pillerxi in the nature of the? mouth cavity, the size and nature of the 
spicules and the absence of two lateral rows of small and oval pigmented 
corpuscles. 

Type-specimen. -\V 5640/1, Zoological Survey of India. 
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Tkxt FiG. I .—Stpia mo filar ia choprai, sp. nov. 
a. I’oxterior end ; b. Anterior end of the male. 

The genus Sguamojilaria was created by Schmerling, 1925 for Filar ia 
coronata Rudolphi, 1809. Yorkc and Maplestone (1926) created another 
genus Coronofilnria with C. pillersi as the type and C. coromta (Rud., 
1809) as the other species of the genus. They also included, with some 
doubt, the species Eucamptus obtusus Dujardin, 1845, from Caprintuhpis 
europoeus , in their genus, on the ground that the generic name 
Eucamptus is preoccupied. Thus the genus Coronojilaria of Yorke and 
Maplestone falls in the synonymy of the genus Squantojilaria . 1 am also 

not inclined to include the species E. obtusus in the genus. The genus 
Squamojilaria , therefore, now contains only two previously described 
species: S. eoronata (Rud., 1809) from Coracias garrula , type species 
and S. pillersi (Yorke. & Maplestone, 1926) from the blue warbler fly¬ 
catchers. The. new species described above differs from the type in the 
nature of the mouth collar, the position of the submedian head papillae 
and the size and nature of the spicules. The nature of the posterior 
extremity is also different in the new species. S. choprai differs from 
S. pillersi in the nature of th& mouth cavity, the size and nature of the 
spicules and the absence of two lateral rows of small and oval pigmented 
corpuscles. 

Type-specimen. \V 2640/1, Zoological Survey of India. 
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A NEW SPECIES OF RHINOPTERID FISH FROM SOUTH INDIA. 

By K. S. Misra, D . Sc ., F.Z.S., Assistant Zoologist , Zoological Survey of 

India , Benares Cantt . 

(Plate I.) 

Rhinoptera sewelli, sp. nov. 

In the new species of Rhinoptera , described in this note, the length 
of disk is contained from 1*55 to 1*69 times in its depth and from 1-42 
to 1*44 times in its tail. The head is notched in front of the fontanel 
and between the cephalic fins. The head is contained from 3-98 to 4*12 
times in the length of the disk. The diameter of the eye is contained 
from 5*50 to 6*15 times in the head ; from 5*53 to 5-76 times in interor¬ 
bital width and from 2*58 to 2*92 times in the length of the snout. One 


Uppav j»v 



UmtJiw 

Text-Fig. 1 .—Rhinoptera sewelli , ap. nov.. 

Ventral view of head ; X 1/3 ; Dentition in upper and lower jaws ; x 1. 


edge of the upper lip is fringed, and that of the lower lip is papilla ted. 
The teeth are in nine rows on both the jaws, those in the median row 
3*6 times as wide as long, those in the next row 2*3 times as wide as 
long and those in the outer three rows on each side as wide as long. 
Median rows are narrower on the lower jaw. The gill openings 
are moderate and equidistant. The last gill opening is the small¬ 
est. The spiracles are about double the size of the eye and are situated 
closely posterior to the eye. The tail is whip-like with a dorsal fin. 
and two small serrated caudal spines above its basal portion. The 
anterior and posterior caudal spines are very closely apposed together. 
The anterior and posterior caudal spines are contained from 9-37 to 
13*6 and from 2*42 to 3*2 times in the interorbital width respectively* 
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There is no anal fin. Both the front and the hind edges of the pectoral 
fins are concave. 

The skin is smooth. 

Tn specimens preserved in formalin the dorsal surface and the tail 
are blackish grey and the ventral surface is pinkish white. 

Type-locality. -West Hill, off the Calicat coast, Arabian Sea, (Collect¬ 
ed by Mr. K. C. Chacko, Govt. Fish curing Yard, West Hill, on 24-11-44.) 

Holotype. F79/2, Zoological Survey of India. 

Remarks.—Rhinopterai sewelli , sp. nov. is distinguished from its 
congeners mainly by the following character :— 

Teeth in nine rows in both the jaws (versus teeth in seven rows in 
R. quadriloba Lesueur, R. lalandii M. H., R. jamnica M. H., R. sleindac- 
hneri Evermann & Jenkins and R. neglect a Ogilby, teeth in nine rows 
in upper jaw and seven in the lower in R. marginal a G. Saint-Hilaire, 
R. adspersa M. H., R. jussieui (\, R. jayakari Blgr. and R. peli Blkr., 
teeth in 15 rows in upper and 19 in the lower in R. polyodon Gthr. and 
teeth in 14 rows in the lower jaw in It. encenadae Smith). 

T have, much pleasure in naming this new species in honour of Lt. 
Col. It. B. Seymour Sewell, C.I.E., F.R.S., T.M.S. (Retd.), formerly 
Director, Zoological Survey of India. 


Measurements in millimetres. 



Total length .... 

til 0-0 

684-0 

752-0 

Length of disk 

272-0 

291-0 

330-0 

Depth of disk .... 

437-0 

452-0 

560-0 

Length of head 

660 

73-0 

80-0 

Diameter of eye 

12-0 

12-0 

13-0 

Interorbital width 

64-0 

68-0 

75-0 

Length of snout .... 

;u-o 

34-0 

38-0 

Width of mouth 

48-0 

50-0 

54-0 

rreoral length .... 

42-0 

45-0 

47-0 

Internarial length 

35-0 

36-0 

40-0 

Length of dorsal tin 

2S-0 

29-0 

33-0 

Length of base of dorsal fin . 

24-0 

28-0 

29-0 

Length of anterior caudal spine 

50 

5-0 

8-0 

Length of posterior caudal Rpine . 

20-0 

28-0 

damaged 

length of tail .... 

387-0 

425-0 

473-0 

Sex . 

9 

o 
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ACANTHOCEPHALA FROM INDIA. 


III. On a New genus of Acanthocephalan parasite of the family 
Quadrigyridae, from a Calcutta fish, mystus cavasihs 
(Ham.). 

By M. N. Datta, M.Sc., Assistant Zoologist , Zoological Survey of India , 

Benares Cantt . 

The parasites described in the present note were collected by Dr. T. N- 
Podder of the Carmichael Medical College, Calcutta from the intestines 
of small siluroid fishes, Mystus cavasius (Ham.) found in the Calcutta 
fish markets. The worms are small and on examination revealed charac¬ 
ters of the family Quadrigyridae. They do not, however, tally com¬ 
pletely with the descriptions of any of the existing genera, and a new 
genus Raosentis , with Raosentis podderi as its genotype, is, therefore, 
proposed to accommodate them. 

Raosentis, gen. nov. 

Generic diagnosis .—With the characters of the family Quadrigyridae * 
worms of small size parasitic as adult in the alimentary tracts of fishes* 
Proboscis slightly elongated or globular with 4 circles of hooks, 6 in the 
first two circles very long and stout and 7 in the next two circles small 
and slender. Some space devoid of spines, present between the second 
and third circles of proboscis hooks. Anterior region of the body pro¬ 
vided with 17 rows of close-set rose-thorn-like spines. Proboscis-sheath 
composed of a single layer of muscles. Central nerve ganglion situated 
near the posterior end of proboscis-sheath. Subcuticular nuclei in 
pairs, 4 or 5 pairs on the dorsal and 1 or 2 on the ventral side. 

Raosentis podderi, gen. el sp. nov. 

The worms are of small size, spindle-shaped and whitish in colour. 
The proboscis is globular and sometimes slightly elongated, 0*14—0*25 X 
0*12—0*18 mm. in size. The hooks on the proboscis are in four circles, 
the anterior two circles have 6 hooks in each and the posterior two 
circles have 7 in each. Hooks of the anterior twfr circles are stouter 
and longer than those of the third and fourth circles. There is a pro¬ 
minent gap of spineless space between the second and third circles of 
proboscis hooks. Measurements of proboscis hooks are : first circle 
0*085—0*115 mm; second 0*070 - 0*095 mm; third 0*025—0*035 mm; 
fourth 0*025—0*030 mm. The anterior end of the body is provided 
with 16 or 17 circles of 32-34 rose-thorn-like hooks each ; the basal 
plates of these hooks are embedded in the body-wqll (Text-fig. 1, a and 
c). 

The subcuticular nuclei are small and in pairs, four or five pairs on 
the dorsal and one or two pairs on the ventral side of the body-wall. 
The proboscis-sheath is a thin single-layered muscular sack. The 
retractor and protractor muscles controlling the movements of the 
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proboscis are thin but firmly attached to the proboscis-sheath. The 
central nerve ganglion is a small, elongated structure situated at the 
base of the proboscis-sheath and the nerve retinaculi coming out from 
the ganglion pass out to the body-wall through the posterior side of the 
proboscis-sheath. The two lemniscii are slightly longer than the sheath, 
028— 0*60X 0*05— 0*07 mm. (Text-fig. 1, d.). 



Tej^-Fig. 1.— Baosentis podderi, gen. et sp. nov. 

a. Hooks of the proboscis and body m agnified; b. Eggs; c. Proboscis showing 
arrangement of hooks; d. Female showing arrangement of body hooks and lacunar 
system ; e. Male showing genitalia, proboscis sheath, lemnisci, nerve ganglion and nerve 
fibres. 

b. bursa ; /. leminsci; nb. body nucleus; nf. nerve fibres ; ng. central nerve ganglion ; 
p. proboscis ; pd. prostatio duct; pf>. penis ; ps, proboscis-sheath; sv. seminal vesiole; 

testes; vd. vas-deferens; v<\ vas-efferens. 
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Lacunar system is clearly seen. There are two longitudinal canals 
running along the dorsal and ventral sides of the body and lateral canals 
coming out from these longitudinal canals run round the body at regular 
intervals, giving it a segmented appearance. Branches from the lateral 
canals, called canaliculi, are also present. In the females the lacunar 
system is very prominent in the posterior portion (Text-fig. 1, d). 

The genitalia are situated in the posterior half of the worms. The 
male genitalia (Text-fig. 1, e) consist of a pair of ovoid testes arranged 
tandemwise close to each other. The two vasa-efferentia leading from 
the two testes join together below the prostatic gland to form the vas- 
deferens before opening into the seminal vesicle. The prostatic gland 
is a round mass just behind the posterior testis and contains about 8-10 
nuclei. A duct from the prostatic gland, the prostatic duct, opens in 
the seminal vesicle near the posterior end and the seminal vesicle opens 
into the thick muscular and conical penis, which hangs at the top of 
the eversible bursa. The seminal vesicle is a thin-walled muscular sac 
which, in the breeding season, is full of sperms. Tn some cases a couple 
of glandular structures are seen on top of the bursa, just on the sides of 
the seminal vesicle, and their function seems to be to lubricate the copula - 
tory organs at the time of mating. The female genitalia consist of a 
uterine-bell, which hangs in the body cavity by means of some muscle 
fibres attached at the anterior extremity to the base of the proboscis- 
sheath. The uterine-bell leads into a long tubular uterus ; the uterus 
leads into the narrow vagina which opens at the posterior end of the 
worm by means of a small opening, the vulva. The vagina is guarded 
by two bands of muscles to control the extrusion of the mature ova in a 
single file. A pair of small glands, termed as vaginal glands, are seen 
on both sides of the vulva. At the base of the uterine-bell there are a 
few cells, known as guard cells, which serve to sort out the mature from 
immature ova ; the mature ones are allowed to pass into the uterus and 
the immature ones are thrown back into the body cavity for further 
development. Eggs are elliptical, measuring 0-050 X 0*020 mm. (Text- 
fig. 1, 6.) 

Measurements. —Males, 0-67—2-37x0-27—0-53 mm.; females, 
1-31—2-53x0-42—0-64 mm.; proboscis, 0-14—0-25 X 0-11—0-18 mm.; 
proboscis hooks, (i) 0*085—0-115 mm. ; (ii) 0-070—0-095 mm.; (iii) 0-025— 
0-035 mm.; (iv) 0-025—0-030 mm.; proboscis-sheath, 0-16—0-37x0-05— 
0-14 mm., lemnisci, 0-28—0-60x0-05—0-07 mm.; testis anterior, 0-506 X 
0-242 mm., posterior, 0-460x0-184 mm.; prostatic gland, 0-184 mm.; 
seminal vesicle, 0-368 mm.; bursa, 0-138 mm. 

Host.—Mystus cavasius (Ham.). 

Location. —Intestine. 

Locality. —Calcutta (Market). 

Types. —Male and female (W3679/1) deposited in the collections of 
the Zoological Survey of India. 

Discussion. —It is evident from the accompanying table that the new 
genus agrees in some points with the existing genera of the family Quadri- 
gyridae, but it differs considerably in the shape and size of the body, 
the size of the proboscis, circles of hooks on the proboscis, the position 
and number of hooks in each circle, the comparative size of the leminsci 
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and the proboscis-sheath and the shape and disposition of the body 
spines. From Van Cleave's description of the genera Quad riff j/nts 1 
Pallisentis , 2 3 4 Neosentis 3 and Heterosentis 4 it is evident that the specimens 
of these genera are much longer than those of the new genus. The 
number of circles of proboscis hooks is the same, but the number of 
hooks in each circle in the new genus differs from them and in Verma Sc 
Datta’s Aeanthosentis . r> In the disposition of the body spines also there 
are considerable variations and the new genus is easily differentiated. 
In Qnadrifjyrus there are only four rows at the anterior end. in Pallisentis 
there is a collar of 6-9 rows of spines at the anterior extremity followed 
by 20-40 widely separated rows, in Aeanthosentis there are 20-31 rings 
on the anterior two-fifth of the body and in Neosentis there are 5-6 
rings at the anterior extremity, then a spineless gap. followed by 6-8 
circles and scattered spines in the new genus there are 17 rings of close- 
set rose-thorn-like small spines. Tn the size of the lemnisci and their 
comparative size with the proboscis-sheath, Raosentis differs from the 
existing genera. The body nuclei also differ in being peculiarly placed 
in pairs. On the basis of the characters enumerated above, the new 
.genus Raosentis can be easily distinguished from all the existing genera 
of the family Quadrigyridae. 

I have great pleasure in associating the generic name with that of 
Dr. H. S. Kao. D.Sc., Deputy Fisheries Development Adviser, Govern¬ 
ment of India. The specific name is associated with the name of Dr. 
T. N. Podder, M.Se., M.B. of Carmichael Medical College, Calcutta who 
very kindly gave me the specimens for study. My thanks are due 
to Dr. B. N. Chopra, D.Sc.. Director. Zoological Survey of India, for 
kindly giving me help and facilities for my work here. I must also record 
my thanks to Mr. R. C. Bagchi, our Artist who finished the figures for 
this paper. 

1 Van Heave, H. J., Two new genera and species of Acanthocephalous worms* 
from Venczuclen fishes. Proc. C. S. Xut. Mns. LVIII, pp. 455-400 (1920). 

- Van ('leave, H. J., Aeanthocephala from China. I. New species and new genera 
from Chinese fishes. Parasitotogu XX, pp. 1-9 (192S). 

3 Van Cleave, H. J., Ibid. 

4 Van Clea\e, H. J., Heterosentis, a new' genus of Aeanthocephala. Zoo log. Anz. 
XCIIl, pp. 144-140 (1931). 

3 Verma, S. C. and Datta, M. N., Aeanthocephala from Northern India. L—A 
new r genus Aeanthosentis from a Calcutta fish. Ann. Troy. Med. Parasit. Liverpool 
XXIII, pp. 483-494 (1929). 




STUDIES IN INTRASPECIFIC VARIATION. 

I. On the existence of two colour-types in the adults and hoppers 

OF THE SOLTTARfA PHASE IN THE DESERT LOCUST, ScHISTOCERCA 
GREGARIA (FoRSKAl). [ORTHOPETRA, ACRIDIDAE.] 1 

By M. L. Roonwal, M.Sc ., Ph.D. (Cantab.), F.N.l. 

Major , Indian Land Forces. 

[From the Zoological Survey of India , Benares CanlL] 
Foreword. 

The value of the study of intraspecific variations for the understanding 
of various problems of evolutionary biology needs no emphasis. Of 
such variations there exist numerous categories ranging from morpholo¬ 
gically distinct geographical subspecies (many of which were formerly 
accorded full specific rank) to smoothly graduated dines and mere physio¬ 
logical races (ride Huxley, 1944, for summary). Recent experience has 
shown that every species and its lower systemetic units must be investi¬ 
gated intensively on its individual merits, and deductions or generaliza¬ 
tions based on even closely allied species may often prove to be mislead¬ 
ing and erroneous. 

The Desert Locust, Schisfocercu gregaria (Forskal), has proved to be 
an excellent material for the study of intraspecific variations. Apart from 
the ordinary allometric variations, there are, in this species, firstly, the 
phase variations, viz., the existence of gregaria and solifaria phases 
(Uvarov, 1923,1928; and others). Secondly, there are non-phasic 
variations of which the first instance was provided by me (Roonwal, 
1936). This variation referred to the existence of two different kinds of 
individuals (6-and 7-eye-striped) in the solitaria phase. These observa¬ 
tions were later confirmed and extended (Roonwal, 1937, 1938, 1941, 
1915-1916 ; Rao, 1937, 1938 ; Rao and (Supta 1939 ; Volkonsky, 1938, 
1938a ; and Mukerji and Batra, 1938). As a result, we now know that in 
solitaria populations mostly C- and 7-striped (rarely 8-striped) in¬ 
dividuals occur, while in gregaria populations (swarms) only 6-striped 
individuals are found ; occasionally, 5-striped individuals turn up in 
laboratory breedings. 

In the present series of papers 1 propose to describe, in the Desert 
Locust, intraspecific variations particularly other than those referred 
to above, and also to discuss the biological significance of the vari¬ 
ations especially concerning the eye-stripes. 

Introduction. 

Colour differences, in both adults and hoppers, between the two phases, 
solitaria and gregaria , are now well-known in the Desert Locust, Schis- 
tocerca gregaria (Forskal) (vide Uvarov, 1928). But I do not think it 

1 A preliminary report appeared in Nature CLV, p. 792 (1945). 
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is yet known that in the solitaries phase we can distinguish two distinct 
colour-types in both adults and hoppers. In the present paper I shall 
describe these colour-types and discuss their probable significance. 

Adults. 

Kiinckel d’Herculais (1892) first showed that swarming adults of the 
Desert Locust are at first pink, but later become yellow with maturity. 
Johnston (1926) showed that this colour change is characteristic of 
gregaria individuals only ; the solitaria adults are greenish when young 
and become greyish later, but do not change colour with maturity ; this 
was confirmed by Ballaid, Mistikawi and El Zoheiry (1932). 

I have, however, noticed that after a few days of the initial greenish 
tinge, two colour-types can be distinguished among the solitaria adults. 
Firstly, the type comprising those individuals which are suffused with 
a blue-grey tinge all over the body; these constitute the majority. 
Secondly, the type comprising those individuals which are pale buff or 
fawn in overtone, without any blue-grey ; these occur in very small 
numbers. 

For brevity, the two types of solitaria may be known as blue and fawn. 
The two types are clear in specimens freshly caught in the field. With 
preservation, however, the colours change, and in museum specimens it is 
no longer possible to distinguish the two types. In 367 solitaria individuals 
form southern Baluchistan (November, 1935 to September, 1936), 335 
(161<dc?, 174$$) or 91 per cent, were blue and 32 (19^, 13$$) or 9 
per cent. fawn. 

From a careful analysis, I was unable to correlate the two types with 
age, sex, season, E/F ratio and the number of eye-stripes (i.e., the pro¬ 
portion of 6- and 7- eye-striped individuals, vide Iloonwal, 1936, 1945, 
1945a) and phase. 

Vayssiere and Lepesme (1939), from breedings in the Laboratoire 
central de Biologie acridienne, Paris, figure two adults of the Desert 
Locust (their PI. Ill, figs. 3 and 5) which give a good idea of the coloration 
of the blue and fau n types as understood by me, though Vayssiere and 
Lepesme themselves interpret them quite differently. On p. 61 they 
describe fig. 3 (blue) as “ Adulte type normal de P&evage, 2 mois apres 
la mue imaginale”,* and fig. 5 (fawn) as “ Adulte obtenu en Slevage isole 
No further history is given, but the meaning of “ type normal ” can be 
partly inferred by reference to p. 44 where they state : “ Les individus 
normaux de P<$Ievage son toujours du type transiens , parfois plus voisins 
du type gregaria , parfois plus pres du type solitana ”. And further: 

Dans les conditions de notre elevage, les stades larvaire son tr6s voisins 
du type gr^gaire au point de vue de la pigmentation Thus, since 
under the breeding conditions the hoppers were very close to the gregaria 
type in pigmentation, we may infer that these authors implied that the 
“ type normal ” adult illustrated in fig. 3 was in phase gregaria or at 
least transiens , in contrast to that in fig. 5 which is clearly stated to have 
been obtained in isolated breeding and so indicating that it was typical 
solitaria . Vayssiere and Lepesme thus imply a phase significance to 
these figures. From considerable field and laboratory experience regard¬ 
ing the Desert Locust* I can say that in general facies fig. 3, like fig. 5, 
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appears to be that of a solilaria phase individual. As regards pigmenta¬ 
tion, there can be no doubt that fig. 3 is not that of a gregaria individual 
for, in that phase the immature adults are pinkish and the mature ones 
yellowish ; they are never bluish. The term transiens is very fluid. It 
is fairly useful in the study of biometrical ratios of adults and the pig¬ 
mentation of hoppers. But as regards adult coloration it does not convey 
any clear impression, and distinction between solitaria and transiens 
colours is not at all possible. 

Hoppers. 

Phase solitaria hoppers of the Desert Locust are generally known to 
have a bright green colour (Johnston, 1926 ; Ballard, Mistikawi and El 
Zoheiry, 1932 ; Faure, 1932 ; Husain and Mathur, 1936 ; and Kennedy, 
1939). The majority are undoubtedly so. 

Besides green hoppers, however, there occasionally turn up in labora¬ 
tory breedings (briefly reported by Roonwal, 1937, p. 149 ; vide infra), 
as well as in field collections, a few fawn-coloured hoppers without any 
green . These fawn hoppers arc undoubtedly solitaria , as judged from 
breeding records (isolated breeding) and from field observations. In the 
field, for instance, a fawn hopper may be found among a batch of 10 or 
12 green ones in a desert bush. The fawn colour becomes well-marked 
in the older hopper stages only, especially the fourth and fifth. Exact 
figures were not recorded, but my impression is that the frequency of 
appearance of the fawn hoppers does not exceed 10 per cent, of the total 
solitaria population, and is perhaps less. It must be emphasized that 
such hoppers are by no means abnormalities. Their occurrence is regular 
enough, and they are in no respect less healthy than green individuals. 
The appearance of fawn hoppers is not connected with food and such 
other external factors for, they occur simultaneously with green hoppers 
bred under identical conditions in the laboratory and also under identical 
conditions in the field, e.g ., on the same bush. 

To a certain extent, according to Rao (1937, p. 24), solitaria hoppers 
tend to assume the environmental colour in the field. This evidently 
refers to green hoppers only, since Rao makes no mention of fawn hoppers. 

Roonwal (1937) performed a number of experiments by rearing 
Desert Locust hoppers solitarily in small, wooden boxes, each painted 
on the inside in different colours, e.g., lemon yellow, prussian blue, maho¬ 
gany, black, dark green, signal red, white and light ochre (unpainted 
wood). He concluded (p. 149) as follows : “ It will be seen ... 
that some colours were apparently simulated, whereas in others the 
results were indefinite. Colours which were simulated to a greater or 
less extent were : lemon yellow, black, dark green and white. Hoppers 
reared in the mahogany-coloured boxes became fawn-coloured in the 
fourth stage. This is not regarded as due to the mahogany box, since 
a hopper reared in the prussian blue box also became fawn. Moreover , 
the fawn colour sporadically appears in solitary hoppers in identically 
coloured cages where the factor of environmental colour cannot be correlated 
with the colour of the hopper ” (italicized now). 

Thtse results regarding colour simulation'broadly confirm those ob¬ 
tained in similar experimt nts on Locustana pardalina and Locusta migra¬ 
tor ia migratorioides by Faure (1932) in S. Africa, although the simulated 
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colours are not always the same as in the Desert Locust. In Faure’s 
experiments simulation occurred in white, black, grey, yellow and brown 
boxes, but not in green, pink, blue and black and orange. In this 
connection the experiments of Hertz and Imms (1937) on Locusta migra- 
toria migratorioides are also of great interest for, they explain colour- 
response in terms of wave length of the light emitted by the surround¬ 
ings, i.e., of incident light to which the hoppers are subject. 

In gregaria hoppers of the Desert Locust bred under identical condi* 
tions in the laboratory, VayssiSre and Lepesme (1939, p. 45.) record two 
extremes of colour-types with regard to background colour, viz., a greenish 
yellow and a rose, the former type being numerically predominant 
in both types the pattern is balck. They further state (p. 46) that the 
hoppers reared on a pale background are paler than those reared on a 
darker background ; no further details are given, and it is not possible to 
say whether this statement refers to solitaria or gregaria hoppers. 

It is thus seen that, so far as the Desert Locust is concerned, though 
simulation to environment occurs to a certain extent, the production of 
fawn hoppers in the solitaria phase is evidently an independent pheno¬ 
menon which is related neither to environment nor to phase. It seems 
probable that the fawn and green colour-types among hoppers of the same 
phase (solitaria) have a genetical significance. The fawn hoppers, as 
regards colour, remind one strongly of the fawn adults described above, 
and it is very probable that the two colour-types in hoppers are related to 
the two colour-types in adults- -the fawn hoppers producing fawn adults, 
and the green hoppers producing blue adults. This supposition is 
supported by the relative frequency (of about the same degree) of occur¬ 
rence-of fawn hoppers and fawn adults (about 10 per cent.) on the one 
hand, and green hoppers and blue adults (about 90 per cent.) on the other. 

Summary. 

1. Two colour-types, termed blue and fawn, of solitaria adults occur 
in the Desert Locust. The blue type is predominant (91 per cent.), 
while the fawn type occurs less frequently (9 per cent.). 

2. The occurrence of the two types of adults is not correlated with 
age, sex, season, E/F ratio, number of eye-stripes and phase. 

3. Tw o colour-types also occur among solitaria hoppers of the Desert 
Locust, viz., the green type which is common and is already w ell-known, 
and a faun type which occurs rarely. This colour distinction is well- 
marked in the older (fourth and fifth) stages. 

4. The occurrence of these two types of hoppers is not related to food 
and environmental factors (e.g., background colour, etc.), nor to phase. 
It might possibly have a genetical significance. 

5. It is probable, as is suggested by the relative frequency of their 
occurrence, that the two colour-types in the solitaria hoppers are related 
to the two colour-types in the solitaria adults — the green hoppers 
producing blue adults and the fawn hoppers producing fawn adults. 
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ON variation in the number of ovarioles and its pro¬ 
bable ORIGIN IN THE DESERT LOCUST, SCHISTOCERCA 
GREGARIA (FORSKAL). [ORTHOPTERA, ACRIDIDAE.] 

By M. L. Roonwal, M.8c., Ph.D. (Cantab .), F.N.I ., 

Major , Indian Land Forces . 

[From the Zoological Survey of India , Benares CanfL] 
Introduction. 

The Desert Locust, ScMslorerm gregaria (Forsk.d), lays about 25 
to over 100 eggs at each oviposition, the number varying from one oviposi- 
tion to another and from female to female. This large number is to be 
coupled with an almost equally large number of ovarioles or eggs-tubes 
in the ovary, though the correspondence is not exact. Boldyrev (1929, 
p. 190) remarked for Locusta migratoria that “ when a row of eggs 
matures, a certain percentage of the egg-tubes remains undeveloped, 
and the number of eggs produced is less than the number of egg-tubes'’. 
Nevertheless, in the Acrididae the number of ovarioles do provide us 
with a rough index of the number of eggs laid and thus of the reproduc¬ 
tive capacity of the individuals. In this connection two problems, 
among several others, deserve consideration : (i) Is the difference in the 
reproductive rate under different environmental conditions, at 
different temperatures and humidities, due to the reduction in the 
number of ovarioles ? (ii) Is there a difference in the number of ovarioles 
between the gregaria and solilaria phases, or between the various kinds of 
solilarid individuals (Roonwal, 1936, 1915-1946) ? Before, however, 
these and similar questions can be satisfactorily answered, we must 
know the natural variation in the number of ovarioles. 

There are several accounts of the female reproductive organs of the 
Acrididae adults (Fenard, 1896, 1897 ; Berlese, 1909 ; Harman, 1925; 
Pospelov, 1926; Fedorov, 1927 ; Uvarov, 1928 ; Boldyrev, 1929; 
Nclsen, 1934 ; Snodgrass, 1935; Paoli, 1937; Jannone, 1938, 1939; 
Slifer, 1939-1943a; Qadri, 1940 ; and others), and embryos and hoppers 
(Graber 1891; Nel, 1929; Nelsen 1934, 1934a; Roonwal, 1937; and 
Qadri, 1940). Variation in the number of ovarioles, however, does not 
appear to have received attention except by Boldyrev (1929) and 
by Jannone (1938, pp. 318-319; 1939, pp. 280-281). Boldyrev noted 
in Locusta migratoria that the number of ovarioles varies in different 
individuals and in the right and left ovaries in the same individual. 
The total number, in eleven individuals, varied from 82-111, and the 
number in the right and left ovaries respectively from 40-55 and 42-56. 
The difference in the right and left ovaries of the same individual 
ranged from 0-4. In Dociostaurus rmroccanus Jannone found no signi¬ 
ficant difference in the number of ovarioles between the phases solitaria 
and transiens congregons ; the number in each ovary is about 15-19, and 
that in both ovaries 30-37. An equal number in the two ovaries of a 
female is an exception iather than the rule. The first stage hopper 
has 15-16 ovarioles in each of the two ovaries* 
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• I shall record here the variation in the number of ovarioles in the 
adults and hoppers of Schistocerca gregaria (phase, gregaria) taken from 
various swarms in India. The probable mode of origin of asymmetry 
in the number of ovarioles in the right and left ovaries is also discussed. 

The Ovaries. 

A brief description of the adult ovaries (Text-fig. 1), as observed in 
phase gregaria , may first be given. In an immature adult the two 



Tkxt-fiu. 1.— Srhi'Sfoct na grvjnria (Forskal). 

The ovary, its associated parts and the spcrmutheca of a freshly celosed adult 
female. Dorsal view, with the antero-dorsal wall (not shown in the figure) of the 
genital cavity deflected backward. Semi-diagrammatic, x about 6. (6).—An ovariole 
from the same. Semi-diagrammatic, x about WO. 

female accessory gland (hoyau ailicial) ; r., eanal of spermatheea ; f/., oviduct; 
f'» developing egg ; wall of basal ovarian fol.iele; gr. t gerinarium; h., head of 
spermatheea; k., egg-ealyx; m., median ligament; nucleus or geim-disc; or., 
ovar.olcs ; p t9 basal lolliele or pedicel; ;y., ovarian suspensorium ; so. t spermathecal 
opening; basal portion of terminal filament of ovariole ; v. t common oviduct; vo 
vaginal opening; vt., vitellarium. 
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ovaries are whitish, translucent bodies which measure about 7 mm. 
in length and 3 mm. in width and lie dorsal to the alimentary canal in 
the 4th to 6th abdominal segments. Each ovary is composed of a large 
and varying number of ovarioles (ov.). Each ovariole (Text-fig. 1/;) 
consists of a chain of developing egg-cells, the oldest being at the base ; 
towards the apex the ovariole passes into the terminal filament (t.). 
The ovarioles are disposed obliquely. The terminal filaments of the 
various ovarioles unite to form a median ligament (//?.) which leads 
into the ovarian suspensorium (s.). The latter, in its turn, is attached 
to the dorsal body-wall of the mesonotum and holds the ovary in posi¬ 
tion. The ovarioles in each ovary lie close together in an obliquely 
longitudinal row of about 15-25 in a row, and roughly 2 or 3 deep. Each 
ovariole abuts on a muscular tube, the egg-calyx (k.), of its side which 
leads into the short (about 5 mm. long) oviduct (d.). The latter passes 
beneath the apodeme of the subgenital plate (8th sternum) and then 
bends inward to unite, below the alimentary canal, with its fellow of 
the opposite side to form the common oviduct or vagina (*>.). The 
vagina opens into the “ genital cavity ” (/.<?., the exterior) near the 
posterior margin of the subgenital plate. In the same cavity, but more 
dorsally, lies the independent opening (so.) of the spermatheca 1 . Anteri¬ 
orly, each egg-calyx leads into a single, blind, tubular and convoluted 
accessory gland or hoyau calirial (b.) ; abnormally, the boy a u calicial 
may possess an additional pouch (Roonwal, 1935). With maturity, 
the ovaries increase in size and also assume a yellow colour due to 
yolk in the ripening eggs. In a female about to oviposit the ovaries 
occupy the whole of the abdomen and also extend into the thorax ; 
they then measure about 2G mm. long and 1 1 mm. wide. 

The Number of Ovartot/es tn Adults and Hoppers. 

A total of 85 adult females from swarms was examined (Table (>), but 
later some of the readings were accidentally lost and only 49 were avail¬ 
able for some purposes (Tables 1-4). 

Table 1. 


Number of ovarioles in right and left ovaries in 49 females of Schisto - 
cerea yreyaria (phase yreyaria , from swarms). 


Serial Xo. . 

1 2 

.! 4 .3 

« 7 

S 

i 

0 10 

7 7 72 

Hi 

7/ 

lo 10 17 

IS 

1U. ovary . 

43 4r» 

40 40 47 

48 48 

40 

40 40 

tO 50 

51 

i 

52 

52 53 53 

53 

I.t. ovary 

40 54 

54 54 48 

55 52 

54 

52 58 

54 53 

54 

53 

70 40 03 

53 


JQadri’g (1940, p. 166) statement that the spermatheca opens on the common oviduct 
is incorrect both for Locusta migraioria (vide also Boldyrev, 1929; and several others) 
and Schisiocerca gregaria (Karandikar, 1942 ; and the present aocount.) In fact in 
all the Acrididae so far studied the spermathecal opening is independent of the vaginal 
opening. 





Table 1 —concluded. 
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Table 3. 

Frequency distribution, etc. of the difference in the number of ovar- 
ioles in the right and left ovaries in each of the 49 individuals. [From 
Table 1.] d , difference ; /, frequency. (In the numerals within the range 
of d which are omitted,/~0.) 


Range 0 30 ; mean 6*5. 



The total number of ovarioles (in the right and left ovaries together) 
varied in 49 individuals from 92-145, mean 114*5 (Table 4). The number 
of ovarioles in the right and left ovaries in different individuals (Table 
2a, b) varied from 43-83 (mean 57*3) in the right ovary, and 40-81 (mean 
57*2) in the left; there is, thus, no appreciable difference in the mean 
number of ovarioles in the right and left ovaries of different individuals. 
In the same individual, however, the number of ovarioles in the right 
and left ovaries is usually asymmetrical (Table 3), the difference ranging 
from 0-30 (mean 0-5). As will be seen from Table 4, there appears to 
be no apparent relation between the difference in the number of ovarioles 
in the right and left ovaries and the total number of ovarioles in the 
two ovaries. 

Regarding the mode of origin of this asymmetry, the following, 
I believe, provides a fairly satisfactory answer. Examination of a 
few hoppers of second to fifth stages 2 showed (Table 5) two significant 
features : (i) That the number of ovarioles in the hoppers is already large 
(2nd stage 118, 126 ; 3rd stage 116, 124 ; 4th stage 108, 116 ; 5th stage 
116, 136). The number even in the second stage hopper most probably 
represents the full quota for the adult stage of that individual, since the 
number in the hopper stages is not appreciably smaller than that in the 
adult (cf. Table 4). It may be added that the ovarioles are already 
differentiated in the freshly-hatched first stage hopper, but, owing to their 
extreme compactness, their number could not be accurately counted ; 
I am certain, however, that this number is large, (ii) That in all the 
eight cases, the number of ovarioles in the right and left ovaries is sym¬ 
metrical. 


2 Tn the grejaria phase the Desert Locust has 5 hopper stages, exclusive of the 
vermiform larva. The 5th stage hopper moults into the adult. 
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Table 5. 


Number of ovarioles in the right and left ovaries in 8 hoppers of 2nd 
to 5th stages. Rt right ovary ; Li., left ovary. 


Stage 

O 

ml 

3rd 

4th 

5th 

Ovary 

Rt. 

Lt. 

lit. 

Lt. 

Rt. 

Lt. 

Rt. 

Lt. 


03 

03 

:»s 

58 

54 

54 

08 

08 

Number ol ovarioles 










:>•.) 

50 

0*2 


58 

58 

58 

58 


Again, a comparison of freshly cclosed or very young females with 
older females (nearing maturity or already mature) shows that in the 
85 females which were examined (Table 0) the proportion of symmetrical 
or nearly symmetrical ovaries was much higher in young (42%) than 
in older females (29%). The criterion of symmetry adopted was that 
the difference in the number of ovarioles in the right and left ovaries 
in a female should not exceed 2. 


Table 0. 

Number and percentage of hoppers and adult females with symmetri¬ 
cal or nearlv symmetrical ovaries. 


SI age 

Total 
n timber 

Cases with symmetrical or 
nearly symmetrical ovaries 

1 

examined 

Number 

% 

Hoppers (2nd-5th stages) ..... 

8 

8 

100% 

Freshly eeloaed or very young females . 

JO 

8 

42% < 

Females nearing maturity or already mature . 

00 

JO 

20% 


Though the number of specimens examined was rather small, the 
presence of symmetry in the hoppers and the greater frequency of 
symmetry in very young females as compared to mature ones, strongly 
suggest that the asymmetry is acquired not earlier than either the late 
hopper stages (late 5th) or some time after eclosion. The asymmetry 
probably arises by the unequal resorption in the right and left ovaries 
of the already differentiated ovarioles caused by competition for space 
and nutriment in a rapidly developing ovary crowded with ovarioles. 
This view finds support from the following observations. 
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In the ovary of a freshly hatched hopper all the ovarioles are of 
approximately the same size. Already in the fourth stage it is noticed 
that some ovarioles are markedly smaller than the others. In a mature 
female about to oviposit for the first time, though the majority of the 
-ovarioles are larg<j and each contains a ripe yellow egg in the basal follicle, 
there are some which are extremely underdeveloped and do not contain 
fipe eggs. This feature, incidentally, explains why the number of eggs 
laid is not equal to the number of ovarioles present in an ovary, lie- 
garding the origin of the difference in the development of the various 
ovarioles which compose an ovary, there are two possibilities : (i) That 
the first differentiation of the ovarioles in an ovary does not occur at 
the same or nearly the same time. This is unlikely since the full quota 
of ovarioles is evidently differentiated even as early as the 2nd hopper 
stage (probably earlier), as is suggested by their large number and almost 
equal size in the early hopper stages, (ii) That in an ovary some ovarioles, 
though at first they start developing together with the others, lag behind 
in later development due to competition for space and nutrition. Owing 
to the causes already mentioned, some ovarioles are completely resorbed 
but in varying numbers in the right and left ovaries, thus leading to 
asymmetry. 


Summary. 

1. The ovary of the Desert Locust is briefly described. 

2. The number of ovarioles was examined in several adult females 
of phase (/rrgaria (from swarms) and a few phase grey aria hoppers of 
‘second "to fifth stages, and their natural variation analysed. 

3. The total number of ovarioles in the two ovaries (right and left) 
varied in 4£) females from 92-145, mean 114*5. 

1. There was no significant difference in the mean number of ovarioles 
in the right and left ovaries in different individuals. The figures for 
49 females were : right ovary 13-83, mean 57*3 ; left ovary 10-81, mean 
57*2. 

5. In the same female, however, the number of ovarioles in the right 
and left ovaries usually differs. The difference in 19 females was 0-30, 
mean 6*5. This asymmetry is absent in hoppers. It is evidently 
acquired in the late fifth stage hopper or in the young adult, and 

>is accentuated with maturity in the adults. 

6. The ovarioles are already differentiated in the freshly hatched 
hopper. Even in the 2nd stage hopper their number is large and probably 
represents the full quota for that individual; no further increase pro¬ 
bably occurs. 

7. At first (i.c., in a freshly hatched first stage hopper) all the ovarioles 
in an ovary are subcqual in size. Already in the 1th stage hopper, 
however, some of the ovarioles are markedly smaller than the others. 
The unequal development, probably caused by competition for space 
and nutrition, is accentuated as the ovary matures and, ultimately, 
a varying number of ovarioles is completely resorbed, thus leading to 
reduction and asymmetry in the right and left ovaries. The unequal 
development also explains why the number of eggs laid is smaller than 
the number of ovarioles. 
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MEGACEPON CHOPRAI , GEN. ET SP. NOV., A BOPYRID ISOPOD 
FROM THE GILL CHAMBER OF SESARMA TETRAGONUM 

(FABR.). 


By P. C. George, The University Zoology Laboratory , Madras. 

While examining the branchial chamber of the semi-terrestral 
crab, Sesarma tetragonum, collected from burrows on the banks 
of the Adyar River near Madras, a bopyrid was found attached 
to the gills. Other parasites were noticed .even earlier in the 
gill chambers, but the present species attracted attention by its large 
size and feathery appendages. The specimen obtained was a female. 
Very careful examination of the gill chambers of thirty crabs 
captured from the same locality was subsequently made, but the 
bopyrid has not again been observed. Since the species does not agTee 
with any of the known bopyrids, it is here described as new. 


Family bopyripae. 

Megacepon, gen. nov. 

Female with one median dorsal tubercle on the last thoracic segment. 
All seven thoracic segments raised in the form of cushions. Exopodites 
present. Pleura of abdominal segments produced into long digitate 
prolongations. External as well as internal rami of pleopods equally 
modified. Uropods in the form of long feathery appendages. 

Type- sp&:ies.—Megacepon choprai, sp. nov. 


Megacepan choprai, sp. nov. 

Habitat and External Characters. —The animal was alive when removed 
from the branchial chamber of the crab and it showed pulsations in the 
region of the neck. The movement stopped after a few minute s of 
exposure to air. It has a globular appearance, the convexity being 
greater on the ventral side. The large size of the animal is mainly due 
to the numerous feathery appendages in the abdominal region and to 
the cushion-like elevations on the dorsal side (Text-fig. la). The ventral 
side is completely masked by the incubatory plates (Text-fig. 1 b). which 
are milky-white in colour. On the dorsal side are seen the rose-red 
lateral borders which stand out in sharp contrast to fhe milky white 
cushions and digitate appendages. The median dorsal tubercle is 
conical and can be seen prominently protruding from the last thoracic 
cushion. The head and the abdomen are in a lower plane when compared 
with the thorax, and the body tapers towards the nosterior enrl 
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T have pleasure in naming this species after Dr. B. N. Chopra, the 
author of thfe Monograph on Bopyrid Isopods from Indian Decapods 
(1923). 



Ts.vr-Fiu. 1 . — Meyacepon cltoprai , geu, el. sp. nov. a. dorsal view; b . ventral view. 

^l., first antenna; second antenna; ab.sey ., abdominal segment; dig. ap, 9 digitate 
appendage; oost., oostegite ; l. ley., thoracic appendage; th. cu., thoracic 
cushion ; tu ., tubercle ; vr., uropod ; w />., wavy border. 


The following measurements were taken :— 

Total length . . . . . . . . .10 mm. 

Length of the animal from the frontal border to the first 
abdominal segment ........ 9 mm. 

Greatest width of the thorax ....... 8*5 mm. 

Length of the head ... . . .2 mm. 

Length of the Uropod . . . . ‘ . . 4*5 mm. 

Length of a typical digitate appendage ..... 3 mm. 


The Head .—The head (Text-fig. 2 rf) .is dumbell-shaped with a wavy 
border, which is prominent on its posterior side. The thorax being 
very much larger in size, its first segment completely envelops the head. 

The antennules (Text-fig. 2 b) are very small and are three-join ted. 
The first segment of the antennule is massive, while the last ends in 
tuft of hairs. The antennae (Text-fig. 2 a) are more prominent and 
each is five-jointed. The first article is consolidated with the head and 
the second is the largest in size, with a deep groove in it; the rest of 
the segments are slender. All the segments of the antennae show tufts 
of hairs at the base of each segment* The mandibles together with the 





1946.] P. C. George ; A new genus of Bopyrid Isopod. 387 


maxillipedes (Text-fig. 2 c) give a spoon-like appearance when viewed 
from the ventral side. 



’Text-fig. 2 .—Meyacepon choprai, gen. et. sp. nov. a. second antenna; b. first antenna ; 

c. ventral view of the head; d, dorsal view of the head; e. tubercle 
with the last thoracic segment; /. typical (4th) thoracic appendage; 

al., first antenna; a2 secon l antenna; nvl. 9 mandible; mxp. y maxillipe.le 
ih. sexj.y thorasic segment ; w.b. y wavy border. 

The Thorax .—The thorax forms the major part of the body of the 
animal and the entire globular form is brought about by the modifica¬ 
tion of the thoracic segments and the oostegites. There are seven 
thoracic segments, and all of them are in the form of cushions. These 
cushions are milky-white in colour, and are largest in size in the middle 
and taper towards the lateral regions, which are rose-red in colour in the 
living specimen. The third and fourth cushions show a groove in 
the middle, while the seventh bears a median dorsal tubercle, which 
is very prominent (Text-fig. 2 e). 

The tubercle is cone-shaped and projects from the seventh cushion¬ 
like elevation. 

On the ventral side, the thorax is covered by the oostegites, which 
are five in number on each side (Text-fig. 1 b). They are white in colour 
and are attached only by their posterior ends, and each oostegite is 
overlapped by the one behind it. The seven pairs of thoracic legs are 
well developed. They are massive, five-jointed and clawed at the 
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tips (Text-fig. 2 /). The incubatory lamellae mask the basal part of 
the legs. The penultimate segment of each thoracic leg has a few strong 
hairs at its base. The exopodites, though present, are short and 
stumpy. 

The Abdomen. —The abdomen is comparatively slender and seg¬ 
mentation is more marked on the ventral side. The segments are 



Text-fio. 3.—Uropod with the last abdominal segment ~a Q<1 pleopods of Megaccpon 
choprai. 

ab. seg. t abdominal segment ; dig- ap., digitate appendage; nr. 9 uropod. 
more or less hidden from view by the overlapping of the digitate 
appendages. There are five pairs of pleopods. The pleura of the 
abdominal segments are modified into prolongations, and are digitate. 
The external as well as the internal- rami of the pleopods are also 
modified into long digitate appendages. The abdomen is short and 
slightly bent towards one side. The uropods also consist of two long 
digitate processes, like those of the pleopods or the modified pleura of 
the abdominal segments (Text-fig. 3). The uropods are one and a half 
times longer than any one of the feathery appendages, which are more 
or less of the same length. There are sixteen digitate appendages 
on each side. Each abdominal segment has three processes, viz., the 
exopodite, the eiidopodite and the pleural prolongation on each side. 
The digitate appendages have a pinnate appearance and the borders 
of the appendages are very transparent. 

Type-specimen.—No. C 2480/1, Zoological Survey of India. 

Effect of Parasitism. —The effect, of parasitism on the host is also 
worth mentioning. The chelipeds were more or less disabled, and the 
walking legs were feebler in the parasitised crab than those in a healthy 
specimen. The gills on which the parasite was seen were of a greyish 
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tinge and under the microscope, the lamellae showed signs of dege¬ 
neration. 

The present species is allied to some of the bopyrid parasites des¬ 
cribed in the Monographs on Isopod parasites by J. Bonnier (1900) 
and Miss H. Richardson (1905). The genera which are closely related 
to Meyaeepon are : Grapskcpon Giard and Bonnier (1887), Trapezicepon 
Bonnier (19(H)), and Porlunicepou Bonnier 1900. It may be mentioned 
that Stebbing (1900) has described a bopyrid from crabs of the Indian 
region under the name Tylolepon honnieri ; this is sharply demarcated 
from the above genera in the possession of two median tubercles of 
which one is trilid, of pleopods with unequal rami, and of a head “ formed 
as it were of two short stout cylinders The principal characters 
of the closely allied genera, so far as females are concerned, are given 
on page 389 in a tabular form. 

Aoknow leihjement. 

1 gratefully acknowledge my indebtedness to Dr. N. Kesava Panikkar, 
Director, University Zoology Research Laboratory, Madras for his 
help and suggestions, lam also thankful to Dr. B. N. Chopra, who 
kindly road through this note and suggested improvements in 
the description. 
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ornatipeB 

67 

pilifera 

67 

Oonomyia ( Oonomyta) nigrodorsata 

pleurostriata 

31 

Gorgonacea 

.. 353 

Grapsicepon 

389,390 

Grasshoppers 

.. 374 

Graucalps macei maoei 100, 119 

Grebneokiella 

323,324,326,327, 328, 


320, 332, 334, 335 

gracilis 

329,331,333 

navillae 

320,331 

fpixellae 

323, 324, 326, 326, 


328,320,330, 331, 


333,334, 335, 336 

Grcgarina 

.. 324 

Boolopendrae 

.. 324 

Gregarine 

.. 323 

Gregarinida 

.. 336 

Giyllidae.. 

.. 105, 352 

{Gryllocola 

..96,105 

tgryllocola 

..96,06 

JGryllophila 

..07,105 

fgryllophila 

95,07,98 

Gryllotalpa 

.. 96, 97, 99, 102, 


104, 106 

Gryllotalpa© 

96 

Gymnoris xanthocollis xantho- 


collis 
Gypaetinae 
Gyrinidae 


110,122 
.. 361 

.. 362 


Halcyon smyroenBiB usymensis 


Haliaetua leuooryphue 

no, 188 ; 129 
211 

Halicyclops thermopbiluB 
- apinifer 

169,163, 188 

Haliotis 

.. 276 

Hammeraohmidtiella 

.. 104 

Heliua (HeliusJt boopa 

.. 00, 61 

longinervia 

61 

Helix 

256, 286, 296, 

waltoni 

306, 313, 316 
.. 206 

Helminthe8 

.. 368 

Helodidiae 

.. 363 

Helomyzidae 

.. 353 

Hemerobiidae 

.. 352 

Hentechelia 

.. 335 

thalassemae 

.. 336 

Hepialidac 

.. 352 

Herodiones 

.. 130 

Heeperiidae 

.. 352 

HeterakiB spumosa .. 

.. 201 

Heterechinostomum 

.. 216 

Heterocera 

.. 362 

Hetereroceridae 

.. 353 

Heteroneurkiae 

.. 353 

HeteropneuBtee fossilis 

.. 197 

Heteropneustidae .. 

.. 197 

Heteropoda 

257, 296 

Heteroptera 

.. 362 

HeterosentiB 

366, 367 

Hevea 

63 

Hexatomini 

61 

Hieraotus fasoiatus .. 

.. 212 

Hilsa ilisha 

.. 194 

HippoboBcidae 

.. 353 

Hirudinea 

335, 363 

Holocephali .. ^ 

.. 360 

Holostei 

349, 350 

Hoi os tomes 

.. 207 

Holostomidae 

.. 215 

Holostomide 

216 

Holostomum serpens 

.. 214 

simplex 

.. 207 

Homaloptera (in part—Bha^ania) 109 

Homalopteridae .. 14, 196, 198, 349 

Homoptera 

.. 352 

Hydropsychidae 

.. 362 

Hydroptilidae 

352, 353 

Hydrozoa 

.. 353 

Hymenolepis diminuta 

201, 202 

fratema 

.. 205 

longior 

.. 206 

nana 

201, 205 

Hymenoptera 

.. 353 

Hypsidae 

.. 352 

Hyracoidea 

.. 351 


I 


H 


Hawmatopodinae 
Halcyon smyrnensis 
smyrnenais fuaca 


Ichneumonidae 
Insect a .. 

.. 361 Isopod .. 

120, 212 Isopoda .. 

129,213 i laospondyli 


.. 368 
.. 362 
386, 389 
.. 300 
., 194 






Eli 


Jaasidae .. 
Jordonia 


^Kantaka 


L&beo 
ariza 
boga 
boggut 
oalbasu 
dussumieri 
fibriatua 
Kawrue 
kontius 
nukta 
potail 
Lacertidae 
Lamiidae 


Page, 


352 

199 


.. 8,9 


5, 6, 11, 199 
196 
6, 196 
196 
196 
196 
196 
196 
196 
11,12 
196 
350 
118, 353 


109, 


, . x\Jl7 f ^ Jiw r UUU 

Lanius sohach erythronotua 109,118, 119 
Lasiocarapidae .. .. 352 

Laubuca atpar .. .. 194 

Lecudina.. .. .. 335 

Lecythion .. .. 335 

thalassemae .. .. 335 

Leidynema .. 104 

Loidynemella .. 104 

Lcpidoocphalichthys ( — Lepido- 

cephalus) .. .. 199 

LopidocephaluB therraalis .. 190 

Lepidoptera .. .. 362 

Leporidae .. .. 351 

Leptoceridae .. ,. 352 

Leptocoma asiatica asiatioa 110,184 
Leuoocirca aureola aureola 109, 118 

Libnotes grceni ., 53 

Limax .. 223,233,256,260,261, 

267,286 206, 302, 303, 315 
268 

268, 30 ' 
53 
63 
62 
68 ,64 
62 
62 

61, 62 
62 
352 
55 
30 


agrestis 
maximue 
Limnobia 
Limnophila 
bivittata 

t manipurensis .. 

multipunctata .. 

pendleburyi 
t raoana 
senior-whitei 
Limnophilidae 
Limonia .. 
flageUata 

Limonia (Dapanoptera) 

foandidata .. .. 30 

fmeijereana .. 30" 

pallida .. .. 30 

pulehra ■ 

taivanella .. ... 54 

Limonia (Dicranomyia) absens 55 
affinis .. 30 

annulata .. .. 54 

aperta .. .. 55 

armoriea .. .. 54 

tbhutaaioa ..64,65 


Page, 

Limonia (Dicranomyia) innocua 65 

lutea .. .. .. 30 

pallida .. .. 30 

punctipennis .. .. * 30 

sp&agnicola .. .. 30 

Limonia (Dscobola) sp. prox. 

aunulata 68 

Limonia (Boanccmyia) 

altifcarsis .. .. 53 

Limonia (Gerano.nyia) 

foernua .. 66, 56, 68 

feuerborni .. .. 57, 58 

flaviventris .. .. 57 

fletcheri .. .. 60 

ffortibaflie .. 67, 58 

genitalis .. .. 60 

fgravclyana .. 68, 59 

pallida .. .. 30 

poliophara .. .. 57 

aemistriata .. .. 57 

Limonia (Libnotes) affinis .. .30 

t buruicola .. .. 30 

t depicta .. .. 30 

t diaphana .. .. 30 

greeni .. .. 53 

lutea .. .. 30 

t muBcieola .. .. 30 

t palaeta .. .. 30 

poeciloptera .. .. 53 

punctipennis .. • 30 

sphagnicola .. .. 30 

t S ’'licit a .. .. 30 

subeostalis .. *. 30 

iripunctata .. .. 30 

Limonia (Limonia) albitarBis .. 53 . 

t flagellaris .. .. 30 

iripunctata .. .. 30 

Limonia (Rhipidia) f product in a 30 

pulehra .. .. 30 

rostrifera .. .. 80 

subeostalis .. .. 80 

Limoniinae .. .. 53 

Limoniini .. .. 53 

Lifctorina 223, 233, 234, 254, 256, 
257, 259, 267, 268, 
295, 290, 298, 300, 
303, 304, 314, 315 
obtusata .. .. 227 

Lobivanellus indicus indicus 111, 185 

Locusta migratoria 375, 377, 383, 384 

Loousta migratoria migratorioideB 371 
orro oo 

Locustana pardalina 
Locusta .. 
bumbricus muris 
Lygaecidae 
Lym&ntriidae 


372, 373, 384 
371 
374 


352 


Lymn&ea 201, 286, 300, 302, 307 


M 


Machlolophus xanthogeny* 

aplonotuB .. 106, lift 

Macrocyciops albidus 165. 158, 164 
168, 170, 172, 188 
foaouf 155, 168, 170, 188 
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Macron es (*= Mystus) 
Macropodus capanus 
Macrura 
Madrepoiaria 
Malacodcrmidae 
Malacopterygii 
Mantispidae 
Mastacembelidae 
Mastacembelus 
armatus 
pancal ur 
M astophorus 
coliimbiana 
echinrus 
gracilis 
labiodentata 
marsupialls 
muris 

muris ascaroides 


' .. 199 

198 
.. 389 

353 
.. 353 

349, 350 
.. 352 

198 

199 
198 

191, 198 

.. 203 

.. 203 

203 
203 
203 
.. 203 

201, 202, 203 
203 


muris muris 
oligodonta 
Mecoptera 
JMegacepoa 
•fchoprai 


.. 203 

.. 203 

.. 352 

385 , 389, 390 
885 , 386, 387, 388 


Magacyclops viridis 155, 156, 158, 159, 
160, 161, 162, 163, 

166, 167, 168, 169, 

170, 171, 172, 173, 188 
Megalopidae .. .. 350 

Mogaloptera .. .. 352 

Mcgapodidae .. .. 351 

Melanoplus differentialis 383, 384 

Meropidae .. 110, 127, 351 

Mercps orientals orientalis 110, 127 


Mesocyclops 

hyaltyus 

iranicus 

leuckarti 


153, 342 
..190 
143 

26, 142, 143, 145, 151, 
153, 155, 156, 158, 
160, 161, 162, 163, 
164, 165, 166, 167, 


169, 170, 171, 172, 
173, 174, 189, 343, 
344, 345 

rylovi .. .. 145, 190 

vermifer .. 145, 190 

M. (Thermocy clops) analogus .. 150 

hyalinub .. 149, 150 

tmicrospinulosus 151, 152, 153, 187 
rylovi 145, 146, 147, 148, 

140, 150, 152, 153, 

181, 182, 183, 184 

tlnetus .. 21 

vermifer 145, 146, 147, 148, 149, 

150, 151, 1S2, 186 

Mesostephanus appendiculatoides 215 
burmanicus .. .. 215 

Metacyclrps .. 139, 141, 154 

gr&ndispinifer 155, 159, 160, 161, 

103, 164, 165, 166, 

169 189 

minutua 155, 160, 158, 15«! 160, 

181, 162, 164, 165, 166, 
167, 168, 169, 170 
pianos 155, 166, 159, 160, 162, 
163, 167, 109, 170, 189 
Metam* ra .. 334 

schubergi .. ,. 335 


Metazoa .. .. .. 332 

Microcyclops . - 73, 342 

bicolor 153, 159, 168, 189 

linjanticus 155, 159, 164, 166, 171, 

172, 173, 189, 344, 345 

rooghulensis 159, 165, 189, 344 

richardi .. 159,171,189 

• varicans 23, 24, 155, 150, 158, 161, 
162, 163, 104, 165, 160, 169, 
170, 171, 172, 173, 189, 344 
sp. .. ..345 

Microcyprini .. .. 197 

Microcyprini (Cyprinodontidae) .. *98 

Milvus migrans govinda .. 132 

JMirzaiella .. 100, . 102, 105 

fasiatica 95, 101, 102 

Mochokidae .. .. *149 

Molannidae .. .. 352 

Molluaca .. 217, 284, 351 

Molpastes cafer pallidus 109, 114 
Molophilus tetracanfkus .. 31 

Molophilus (Molophilus) 

■ftetrodonta .. .. 31 

Moniliformis moniliformis .. 202 

Monotocardia .. .. 284 

Monotocardian .. 274, 284 

Monticola solitaria pandoo 109, 116 
Motacilla cinerea caspica 110, 123 
maderaspatonsis 110, 122 

Motacillidao .. 110, 122 

Muridae . . .. .. 351 

Mus decuraanuB .. 201, 204 

rmiscnluR . . . . 202 


Muscicapidae 
Mustelidae 
Mutillidae 
Mycetophilidae 
Myliobatidae 
Myophonus coerulcus 
horsfioldii 

Mystacoleucus ogilbii 
Mystus aor 
cavasius 
keletius 
malabaricus 
montanus 
oculatus 
punctatus 
vittatus 
Myrmcleonidae 
Myxinidae 


109, 117 

.. 351 

.. .353 

.. 353 

.. 350 


109, 117 
.. 196 

197 

197, 303, 365 
.. 197 

.. 107 

197 
197 
.< 197 

197 
.. 352 

.. 350 


N 


Nakta 


,, 

li 

Naktashondva 


. , 

li 

Nassa 


268, 

305 

mutabilis 


, , 

315 

Natrix piscator 


214, 

215 

Nectariniidae 

,, 

no. 

124 

Nematostrigea serpens 

.. 

214 

Nemachilus 


. , 

199 

bhimachari 


, , 

196 

botia 


, , 

196 

dayi 


.. 

196 

denisonii 


«. 

196 

evczardi 


, , 

196 

monilis 


• . 

196 
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Nemaohilus rupicola 

.. 

208 

semiarmatus 

.. 

.. 

196 

sinuatus 

,. 

.. 

196 

striatus 

.. 

.. 

196 

Nemaohilichthys shimogensis 

196 

Nomathelminths 


.. 

353 

Nematoceroa 


.. 

353 

Nematoda 


201, 

202 

Nematode 


,, 

35fr 

Nemestrinidae 


.. 

353 

Nemo corn 


.. 

31 

Nemopteridae 


.. 

352 

Neodiplostomoides 


.. 

216 

Neodiplostomum 


210, 211, 

211 

bogulum 

ooohleare 



212 


.. 

210 

cochleare var . 

calasphilum 

210 

cuokooai 



210 

dilacaecum 



211 

ellipticum 


211, 

210 

gavial is 


216 

globiferum 



211 

gumbudia 



211 

kashmir ianum 



210 

laruei 



211 

mehranium 



211 

mehrii 



211 

orientalis 

• • 


211 

sp. .. 



211 

ty tense 

.. 

an. 

212 

Neophron perenopterus 

gin- 

138 

* ginianus 

.. 

110 . 

Neorohita 

,. 

.. 

8 

Neosentis 

,, 

366, 

387 

Nephrotomat perhorrida 

50, 

52 

pleurinotata 


.. 

52 

Nereidae 


. . 

358 

Neuroptera 


323, 324, 

352 

Nina 

\ 

334 

giardi 



324 

gracilis 

indioa 


323, 

336 

324 

navillae 


., 

324 

Noctuidae 


., 

352 

Nosodendridae 


., 

352 

Notodontidae 


. . 

352 

Notopteridae 


194, 

350 

Notopterus 


.. 

199 

Nukta 


.. 10, 13 

Nuria (= Esomus) 


.. 

199 

Nycteribidae 


,. 

353 

Nymphalidae 

O 


352 

Oohotonidae 



851 

OohthiphiHdae 



353 

Odontooeridae 



362 

Oedlpodinae 



384 

Oestridae 



353 

Oligoehaeta 

.. 


358 

Ommexechinae 

.. 


384 


Oochoristioa symmetrica 201, 202 

Opatrqides (Penthicus) vicinis .. 840 

Ophioephalidae .. * .. 198 

Ophicephloidea .. .. 198 


Ophicephalus .. .. 199> 

gachua .. 198 

leuoopunotatua .. 198* 

maruliu* .. .. 198 

punotatua .. .. 198 

striatue 198 

Ophiodiplostomiime .. .. 214 

Ophiosoma maorooephalum .. 208 

micro cephahim .. .. 208 

Qpiethomi .. .. 198 

Opiathobranohia .. .. 258 

Oreichthys oosuatus .. .. 198 

Oriolidae .. ..121 

Oriolus xarrthomus maderaa- 

p&tanus 121 

Orthanthera viminia .. 341 

Orthoptera 352, 369, 375, 383, 384 

Ostariophysi .. 194, 198 


Ogtariophysii 

JOsteocnffichthys 

Osteochilus 


349 

.. 8 , 8 

3 r 5, 6, 7, 8, 9 

14, 200 

brevis 7 

cephalus .. .. 8 

ohalyboatus .. .. 6, 8 

malabaricus .. .. 5 

melanopleura .. .. 8 

nellli .. . - 0, 8 

sondhii .. .. 7, 8 

tungting .. .. 7 

viltatus .. .. 7, 8 

Osteochilus (Altfgena) sondhii .. 7 

Osteochilus (Kan taka) 

brevidorsalis .. 8, 6, 9, 10, 196 

Osteochilus (Osteoohiliohthys) 

nashii .. 3, 4, 9, 10, 196 

thomassi .. 2, 8, 9, 10, 198 

Osteochilus (osteochilus) neilli .. 7 

7 

342 
267 
95 

106, 201, 205 

.. 197 


vfrttatus 
Ostracodes 
Ostrea 
Oxyurid 
Oxyuridae 

Orysias melanostigma 


P 

Palagiostomi .. .. 350 

Pallisentis .. 366, 367 

Paludina 228, 226, 228, 231, 233, 234, 

253, 254, 256, 257, 259, 261, 263, 

267, 268, * 274, 275, 276, 279, 281, 

295, 296, 298, 300, 302, 303, 306, 

307 313 

Paludina (= Viviparus) 263,' 268 


Pamphaginae .. .. 384 

Pandionidae .. .. 351 

Pangasidae .. 349 

Pangasius ... .. 199 

Panorpidae .. 352 


Paracyclops fimbriatus 156, 158, 162, 
167, 168, 188 
vagus 155, 159, 162, 164, 170, 172, 


173, 188 

Peridae .. .. 109, 111 

Pamidae .. 353 

Parus major mahrattarum 109, 111 
Passalidae .. 353 

Passeres .. .. 109, 111 
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Patagonia -. 31 

PateUa .. .. 266, 267, 300 

Pauliniinae .. .. 384 

Paussldae • .. 362 

Peotinibranchiates .. .. 284 

Peotinibranohiata .. 284, 286 

Pedioiini .. .. 01 

Pentatomidae .. .. 362 

Percoidae .. .. 198 

Percomorphi .. .. 198 

Pericrocotus peregrinus pere- 
grinuB .. .. 109, 119 

cinnamomou8 .. .. 119 

Porilampus {=* Laubuca) .. 199 

Periplaneta americana .. 104 

Periplaneticola .. 102. 104 

mirzaia .. 96, 104 


tporiplanetioola 96, 102. 103, 104 
Petromyzontidae .. .. 360 

Philopotamidae .. .. 362 

Phoenicurus oohruros rufi- 

ventris .. 109, 116, 116 

Phryganeidae .. .. 362 

Pharyngostomum .. 212 

Phasianidae .. 136, 361 

Phaamidae .. .. 362 

Phylloscopua .. 107 

Physa 223. 227, 233, 250, 201, 203, 
207, 268, 304, 300, 307, 314 
Picidae .. 110, 126 

Pila .. 220, 221, 226, 227, 

228, 231, 237, 240, 
v 254, 250, 257, 258, 

259, 201, 204, 207, 
208, 274, 279, 281, 
284, 285, 287, 295, 
290, 298, 300, 302, 
303, 304, 305, 300, 
307, 309 

gigas 260, 203, 205, 267, 314 

globosa 217, 219, 222, 223, 

227, 274, 275, 279, 
282, 286, 304, 314 

turbinis .. .. 222 

Pilidae ( = Ampullaridae) .. 285 

Pistia .. .. 220 

Placobdella marginata .. 335 

Planipennia .. 352 

Planorbis 223, 226, 227, 233, 256, 
260, 261, 267, 268, 286, 
300, 302, 307, 314, 315 
Platyholminths .. .. 353 

Plegadidae .. .. 136 

Plotosidae .. .. 349 

Podargldae .. .. 351 

Polyaeanthidae .. .. 198 

Polyaoanthus •. . • 199 

Polyoentropidae .. .. 352 

Polyohaeta *. .. 353 

Polyphaga .. 852 

Polyzoa .. .. .. 353 

Porifera .. .. .. 353 

Portunicepon .. 389 ( 390 

Posthodiplostomum •. .. 213 

botauri .. .. 213 

grayii .. .. 213 

Potamogeton crispus 341 

Pristidae .. .. 350 


Picidae 

Pila 


389 ( 390 


Proace tabulorch is 
Proalaria 

alcodensis 
Prolarioides 
Proalarioides 
tropidonotia 
Proccllariidae 
Procrassiphiala 
halcyonae 
triticum 
Procyonidae 
Prohem iatomineas 
Prohemistomum 


.. 216 
210, 213 
.. 210 
214 
214, 216 
.. 214 

.. 361 

210, 212, 215 
.. 212 
.. 212 
.. 351 

.. 210 
.. 216 


serpen turn 

.. 

216 

Proscopiidae 

.. 

384 

Prosobranchs 

257, 

307 

Prosopis spicigera 


341 

Protospirura 


203 

ascaroidoa 

• • ^ • • 

203 

bonnei 


203 

muricola 


203 

muris 


203 

euslica 


203 

numidica 


203 

Pseudeutropius 


199 

atlierinoides 


197 

Pseudodiplostomum 


214 

cochloaris 

. • • • 

214 

fraterni 

.. ,, 

214 

Pseudogyps bengalensis 110, 126, 

181 , 

132 

ginginianus 

# , 

132 

Pseudolimnophila 

.. 

63 

Pseudonyinus 


104 

Psourlostrigoa 

.. 

209 

Psilorhynchidae 


349 

Psittacidae 

110 , i26. 

361 

Psittacula cyanoccphala cyan- 


ocophala 

110 , 

126 

Psychidae 

.. 

362 

Psychomyidae 

Pterocepnalus 

1! 323, 

352 

324 

giardi 

.. 

324 

giardi corsicum 

.. 

324 

nobilis 

323, 

324 

Pulicidao 

• • • • 

353 

Proeutropiichthys taakree 

197 

PuLmonatu 

266, 280, 287, 

300 

Pulmonatos 

208, 280, 

307 

Pulvinifer 

• • 

208 

Pyononotidae 

109, 

114 

Pyrgomorphinae 

.. 

384 


Quadrigyridae 

Quadrigyrus 


363, 366, 366 
366, 367 


Raillietina celebensis 201, 805 

celebensis paucicapsulata .. 205 

Eajidae .. .. .. 850 


{Raosentis 
tpodderi 
Raphidiidae 
Raabora .. 
carerii 
daniconius 
rasbora 


868, 366, 367 
868.364 
.. 362 

199 










atvr 



Pafjp- 

Rasborinae 

.. 194 

Ratttks rattus 

.. 202 

Reduviidae 

352 

Reptilia .. 

.. 360 

Rhaphidolabis indica , 

61 

Rhinobatidae 

.. 350 

Rhinidae 

.. 350 

Rhinoptera 

.. 361 

adpersa 

.. 362 

encenadaf" 

.. 362 

javanica 

.. 362 

jayakari 

.. 362 

juflsieui 

.. 362 

lakmdii 

.. 362 

n/glecta 

.. 362 

pell 

.. 362 

polyodon 

.. 362 

quadriloba 

.. 362 

tsowelli 361, 3fiIA, 362,362A 

steindachrori 

.. 362 

Rliinopterid 

.. 361 

Rhinopteridac 

.. 350 

Rhopalocera 

.. 362 

Rhopalonia 

.. 334 

Rhynchobdellidao .. 

.. 335 

Rhyacophilidac 

.. 352 

Rhynchota 

.. 352 

RhyBodidae 

.. 352 

Ridgeworthia rami .. 

.. 208 

Rita 

.. 199 

" hastata 

.. 197 

Roden tia 

.. 351 

Rohtee .. 

.. 190 

cotio var. cunma 

.. 196 

neilli 

.. 196 

S 


Sac6obranchus (=Hetcropneiietes) 199 

SaJmonidae 

.. 350 

SaOromyaidac 

Sajcogyps calvus 

.. 353 

209, 211, 214 

Saturn iidae 

.. 362 

Sauna 

.. 350 

Saxicola caprata bicolor 

109, 115 

torquata indica .. 

109, 115 

Bcaphiodon 

1, 2, 5, 8, 200 

brevidorsalis 

1, 3, 5, 8, 9 

irregularis 

.. 1,2 

nauhii 

1, 3, 4, 5, 8, 9 

readingi 

I 

thomassi 1, 

2, 3, 4, 5, 8, 9 

watsoni 

1 

Scaphiodon (in part = 

Osteo* 

ohilus) 

199 

Scarabaeidae 

353 

Schilbeidae 

197, 349 


Sohiematorbynchus .. 11, 12, 14, 200 

hetero liynchuB .. .. 11, 12 

SchismatorhynchuB (Nukta) nukta 10 11, 
12, 13, 196 

Sohismatorhynchus (Schismator¬ 
hynchuB, heterorhynohus .. 11,12 

Schistocerca grcgaria 369, 372, 373, 

376, 376, 377, 384 
Sohistocerca perigrina .. 373 

Soisothorax cuvifrons . • 210 


niger 

Page* 

.. 

Scineidae 

.. 350* 

Sciomyzidae 

.. 363 

Scolopacidae 

III, 136 

Scolopacinae 

.. 351 

Scolopendra 

324 

cingulata 

323, 3241 

morsitans •. 323, 

324', 325 326, 

327, 

33 F, 334, 33$ 

morsitans sensnstricto 

.. 324 

oraniensis 

.. 324 

oranienBis tusitanica 

.. 324 

subspinipes 

323, 324 

sp. .. 

324 

Bcorahreaocoidae 

. . ior 

Rcyllidae 

.. 356 

Selnohii .. 

. . 350^ 

Srmipfotus breridorsalis 

0 

Soricostomatidae 

.. 352 

Serpentcs 

.. 356 

Resarma tetragonum 

.. 385 

St'asiidflc 

.. 355T 

Seticcphalus 

.. 334 

Revirianoia 

105 

Rialidae 

.. 352 

Ricvdium 

.. 200 

Sicydium (in par—Sicyopterus) 190 

Silonopangasiuw childrenii 

.. 197 

Rilundia ('—Silonia) .. 

.. 109 

Siluridae 

197, 340 

Riluroidea 

197, 198 

SiluruB .. 

14, 190, 200 

cocfiinehinonsis .. 

193, 197 

wynaadensis 

193 

Siaoridae 

197, 349 

Ritta caatanea castanea 

109, 112 

Ritta frontalis 

.. 112 

Bit iidae .. 

109, 112 

Spbingicfae 

.. 352 

Rphyrinidae 

... 350 

Spinacidae 

.. 350 

Rquamata 

.. 350 

Squamofilaria 

357, 358 

fchoprai 

357, 358 

coronata 

.. 358 

pillersi 

.. 358 

Rtaphylinidae 

.. 352T 

Stcnopsychidae 

.. 352 

StibadgcereUa latefurcata 

52 

pristina 

52 

Stomiatidae 

.. 350 

Streblidae 

.. 353 

Streptoneura 

.. 285 

Streptopelia 

107 

cbinensis suratensis 

HI, 13$ 

decaocto deoaocto 

111, 134 

orientalis meena 

111, 13$ 

senegalensis cambayensis 111, 134 

Strigea .. 207, 

208, 209, 216 

annandalei 

208 , 210 

elongata 

.. 208 

elongata var . indica 

.. 208 

falconis 

.. 208 

falconis var. eaglesa 

.. 208 

globocephala 

.. 208 
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Strigea orientalis 

Page. 

.. 209 

nephronis * 

.. 209 

streptocorpus .. 

.. 209 

Strigeida 207,211, 

215, 216, 351 

Strigeides 

208 

Stylocephalus bahli .. 

.. 340 

findicus 

339, 340 

Stylommatophora 

286, 287 

Styringomyia flava .. 

70 

fryeri 

.. 72 

jacobsoni 

72 

fkempiana 

68, 69 

solocipennis 

70 

tsusilae 

70, 71, 72 

Subulura andersoni .. 

201, 202, 203 

Hindi 

202, 203 

Succinoa 

.. 223 

Suifunema 

105 

gfymbranchus 

.. 199 

Synentognathi 

197 

Synentognathi (Xenentodonti- 

dac) 

.. 198 

Syphacia 

202 

fbaylisi 

201, 202 

obvelata 

.. 202 

stroma 

.. 202 

Systenua 

.. 335 


T 


Tabanidae 

.. 353 

Tachinidae 

} r Alpicola 

353 

99, 104 

ftaipicola 

95, 99, 100 

Teleostei 

349 

Teleostomi 

.. 350 

Teloaporidia 

.. 32^ 

Testudincs 

350 

Tetrigidae 

Teucholabi8 angusticapitis 

* * 64, 65 

nocticolor 

64 

Teucholabis (Teucholabis) 

an- 

nuloabdominalis .. 

•66, 67 

angusticapitis 
f pruthiana 

.k 64 

65, 66 

Thalassema neptuni .. 

•. .. 335 

Thelastoma 

105 

Thelastomatinae .. 95, 

102,\1<>4, 105 

Thercieeryx zeylanicus 

110,125 

Thereiceryx zeylanicus camceps 125 

kangrae 

125 

Therevidae 

.. 353 

Thereskiomis melanocephala .. 136 

Thermocyclops 

21, 145, 148, 
149, 151, 153 

consimilia 

148 

decipiens 

.. 148 

dj bowskii 

155, 159, 165, 

172, 189 

hyalinus .. § 

158, 168, 189 

344, 345 

iuirequeni 

.. 148 

microspinulosus 

159, 161, 189 

negleotus 

.. 148 

©ifchpnoicte* 

.. 153 
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Thermocyclops rylovi 155, 15ft, 158, 159, 
160, 161, 162, 163, 
164, 167, 180, 172, 189 
Thermocyclops sp. .. 160,167,16H 
tinctus 155, 158, 159, 164, 165, 
166, 168, 169, 189 
vermifer 155, 156, 158, 159, 160, 
16 J, 162, 163, 164, 165, 
166, 169, 170, 173, 189 
Thrinchinae .. ,. 384 

Thynnichthys .. .. 14 

Timaliidne .. .. 109,113 

Tinaegeriidae .. .. 352 

Tipula .. .. .. 29 

Tipula annnlaia .. •. 53 

aluco .. .. .. 49 

cinerea .. .. 30 

dives .. .. .. 33 

flavoides .. .. 34 

fumipennis .. .. 29 

himalayen&is .. .. 41 

■flombokensis .. .. 30 

marmoratipennis .. 49 

mitchelli .. .. 39 

princeps .. .. 37 

f praoses .. .. 29 

quasi mar monUipennis .. 46 

serricornis 34 

serrulala .. .. 30 

tsernilifbra .. .. 30 

simillima .. .. 47 

striatipennis .. .. 48 

subtin cin .. .. 42 

tessellatipennis .. '36 

Tipula (Acuvipula) princeps 29, 37, 38 
Tipula (Lunatipula) holoteles .. 50 

marmoratipennis 29, 49, .50 

navioulifer ., .. 50 

^djogun .. .. 50 

Tipula ISireorayza) quadrifasciata 49 
striatipennis .. 29, 48, 49 

T. (Sinotipula) tessell&tipennis 29, 36 
T. (Tipulodina) annuloabdominalis 66 
simillima .. .. 47 


Tipula (Vestiplex) biserra 

43 

brevis 

41 

distifurca 

44, 45 

himalayensis 

29, 41, 46 

mitcbelli 

39 

quasimarmoratipennis 

29, 43, 
44, 46, 47 

reposita .. 

39, 41 

subtincta 29, 42, 43, 44, 46 

fsubreposita 

39, 4J 

Tipulidae .. 29, 

31, 32, 353 

Tipulinae .. 

32 

Tockus birostris 

129 

Torpedinidae 

350 

Totaminae 

.. 351 

Toxorhina ( Ceratocheilus ) 

fumu 

pennis 

31 

Toxorhina ( Toxorhina) 

fumi- 

pennis 

31 

jinfumipennis 

31 

Tragulidae .. 

.. 351 

Trapezicepon 

389, 390 

Travassosstominae . • 

.. 214 
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Travajwosstomum .. 

.. 214 

natritis .. 

.. 216 

tropidonotis 

.. 214 

Trcmatoda 

.. 207 

Tramatode 

.. 216 

Trematodes 

.. 215 

Trichorhynchus 

.. 334 

Trichoptera 

.. 352 

Trictenotomidae 

.. 353 

Tringa hypoleucos .. 
Trionychidae 

111, 136 

.. 350 

Trochophore 

.. 217 

Trogonidae 

.. 351 

Tropocyclope 

75, 77 

Tropocyclops confinis 

155, 159, 164, 

165, 

166, 169, 188 

Tropocyclops prasinus 

158, 167, 188 

Trygonidae 

Turbinares 

.. 350 

.. 351 

Turbo 

.. 257 

Turdidae 

109, 115 

Tursiops perniger 

.. 351 

Turdoides somervillei 

109,113 

somervillei orientals 

.. 113 

Tylognatbus 

Tylokepon bonnieri .. 

11 

.. 389 

Tyto alba sterten* .. 

.. 211 

V 


Umbrella 

.. 227 

Vngulata 

.. 351 

Upupa epos ceylonensii 

110 : 130 



Pagi , 

Upupidae 

110, isp 

Uraniidae 

.. 352 

Uropeltidae 

.. 350 

Ureidae .. 

351 

Urulifer .. 

213, 214 

ceryliformis 

213 

Btunkard j 

213 

V 


Vallisneria 

220 

Vermetes 231, 267, 268, 296 

Vespidae 

.. 353 

Viviparidae 

.. 313 

Vestiplex 

44 

W 


Wallago (= Wallagonia) 

.. 199 

WaQagonia attu 

.♦ 197 

X 


Xenentod >n cancila .. 

.. 197 

Xenentodontidae 

.. 197 

Xylophilidae 

.. 353 

Z 


Zygaemidae ., 

352 

| Zizypku* 

.. 341 











